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EXTRA-ATMOSPHERIC MEASUREMENTS OF THE ULTRAVIOLET 
AND X-RAY BACKGROUNDS AND T H E I R  ROTtE T N  - - - -~ - - - -. - .- __ _ _  

THE STUDY OF INTERGALACTIC GAS 

Kosmicheskiye Iss l edovan iya  
[Space R e s e a r c h ] ,  V o l .  N o . 4 ,  
pp.  5 7 3  - 592 ( 1 9 6 7 .  

SUMMARY 

BY 
V. G .  Kur t  6, 
R .  A.  Syunyaev 

R e s u l t s  are g iven  of background measurements i n  t h e  u l t r a -  
v i o l e t  (UV)  wavelength r ange .  I t  i s  shown t h a t  combined UV and 
X-ray measurements make it p o s s i b l e  t o  de t e rmine  t h e  d e n s i t y  and 
" t h e r m a l  h i s t o r y "  o f  t h e  i n t e r g a l a c t i c  medium and, consequen t ly ,  
t o  estimate t h e  d e n s i t y  of mat te r  i n  t h e  Universe.  I t  i s  con- 
c l u d e d  t h a t  t h e  background i n  t h e  UV s p e c t r a l  r e g i o n  f r o m  e x t r a  
g a l a c t i c  n e b u l a e ,  s tars and i n t e r p l a n e t a r y  medium does n o t  exceed 
1 0 - 2 6  t o  10 ' "w/m2~ster -h tz .  

INTRODUCTION 

I n s p i t e  o f  t h e  widespread  op in ion  [l-61 t h a t  t h e  b u l k  o f  t h e  
mat te r  o f  t h e  Universe  c o n s i s t s  o f  i n t e r g a l a c t i c  gas m o r e  o r  less 
un i fo rmly  d i s t r i b u t e d  i n  s p a c e ,  n o t  a s i n g l e  e x p e r i m e n t a l  s t u d y  i s  
available t o  date ,  e i t h e r  demons t r a t ing  o r  r e f u t i n g  t h e  v a l i d i t y  
of t h i s  h y p o t h e s i s .  The p o s s i b i l i t y  o f  an e x p e r i m e n t a l  s t u d y  of 
d e n s i t y  and t empera tu re  of t h i s  medium i s  examined i n  t h i s  a r t i c l e ,  
a l o n g s i d e  w i t h  a c o n c r e t e  a n a l y s i s  o f  t h e  r e s u l t s  of measurements. 
The impor tance  of  such exper iments  f o r  cosmology and cosmogony i s  
clear,  s i n c e  t h e  average d e n s i t y  of m e t a g a l a c t i c  m a t t e r  ( and ,  t h e r e -  
fo re ,  also t h e  model of t h e  U n i v e r s e ) a r e  s t i l l  unknown. I n  p r i n -  
c i p l e ,  such  measurements may l e a d  t o  t h e  q u a n t i t y  R = p / p c r  > 1 and,  
t h e r e f o r e ,  t o  t h e  c o n c l u s i o n  about  a c l o s e d  model of t h e  Universe 
(see N o t e  1). A t  t h e  same t i m e ,  t h e  r e s u l t  52 < 1 leaves t h e  p o s s i -  

1. H e r e  p is  t h e  d e n s i t  of j n t e r g a l a c t i c  gas ,  P c r  = 3H2/8vG = 
= 2 . 1 0 - ~ ~  g/cm3 - lo-' cm" i s  t h e  c r i t i c a l  d e n s i t y ,  H i s  Hubble 's '  
c o n s t a n t ,  and G i s  t h e  g r a v i t a t i o n  c o n s t a n t .  I f  p >  p c  , t hen  t h e  
w o r l d  i s  c l o s e d  and t h e  expansion observed  now w i l l  lager be re- 
p l a c e d  by c o n t r a c t i o n ;  P 
t h e  Universe .  

< p,, co r r e sponds  t o  an open model of 
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b i l i t y  ( a l though  r a t h e r  improbable) t h a t  o p t i c a l l y  nonobserved 
objects ( such  as c o l l a p s e d  s t a r s ,  n e u t r i n o s  (see Note 2 ) ,  e t c . , )  
are  p r e s e n t ,  which cou ld  con ta in  t h e  bulk  o f  matter p r e s e n t  i n  
t h e  Metagalaxy. The ave rage  d e n s i t y  of mat te r  p r e s e n t  i n  ga lax ies  
i s  a b o u t  3.10'9 p c r .  

S imul t aneous ly  w i t h  t h e  de t e rmina t ion  o f  t h e  ave rage  d e n s i t y  
of matter, t h e s e  measurements w i l l  p e r m i t  t o  reproduce  t h e  " t h e r -  
m a l  h i s t o r y "  o f  t h e  Universe  a t  a l a t e  s t a g e  o f  e v o l u t i o n .  W e  
w i l l  u se  t h i s  t e r m  t o  describe t h e  r e l a t i o n  between t h e  change of 
t e m p e r a t u r e  and t h e  expans ion .  The h o t  model of t h e  Universe 
(see, f o r  example,  t h e  review a r t i c l e  [l] ) p r e d i c t s  t h e  c o o l i n g  
of matter and t h e  recombinat ion of hydrogen a t  a d e n s i t y  which is  
l o 9  t i m e s  g r e a t e r  t h a n  t h e  p r e s e n t  d e n s i t y .  The assumption of t h e  
p r e s e n c e  of a h o t  i n t e r g a l a c t i c  gas r e q u i r e s  a subsequent  h e a t i n g  
up o f  t h e  medium. The c o u r s e  of t h e  t empera tu re  change a f t e r  t h i s  
h e a t i n g  up p e r i o d  ( t h e r m a l  h i s t o r y )  w i l l  h e l p  t o  reproduce  t h e  
expe r imen t s  d i s c u s s e d  h e r e .  The methods used  f o r  s t u d y i n g  i n t e r -  
ga l ac t i c  gas and examined i n  t h i s  a r t i c l e  are based  on t h e  p o s s i -  
b i l i t i e s  a f f o r d e d  by t h e  e x t r a - a t m o s p h e r i c  astronomy, which makes 
it p o s s i b l e  t o  conduct  o b s e r v a t i o n s  i n  t h e  X-ray and UV spectral 
r e g i o n s .  

1. MEASUREMENTS O F  THE UV BACKGROUND ON THE 
AIS "VENERA- 3" 

The a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n  "Venera-3" w a s  equipped 
w i t h  an  i n s t r u m e n t  f o r  t h e  r e g i s t r a t i o n  of u l t r a v i o l e t  r a d i a t i o n  
i n  t h e  t w o  s p e c t r a l  bands:  1050-1340 8 and 1225-1340 8 .  Photon 
Geiger  c o u n t e r s  f i l l e d  w i t h  gas ( n i t r o g e n  o x i d e )  and p rov ided  w i t h  
a l i t h i u m  f l u o r i d e  window w e r e  u s e d  as r a d i a t i o n  receivers. An 
a d d i t i o n a l  1 mm. t h i c k  f i l t e r  (calcium f l u o r i d e ) ,  c u t t i n g  off 
r a d i a t i o n  o f  wavelength X < 1 2 2 5  8 ,  w a s  mounted i n  f r o n t  of one of 
t h e  Geiger  c o u n t e r s .  The f i e l d  of v i s i o n  i n  t h e  f i rs t  s p e c t r a l  
channe l  w a s  e q u a l  t o  7 O ,  and the  second channel  t o  abou t  2 0 ° .  
The e f f i c i e n c y  of  t h e  c o u n t e r s  i n  t h e  second channe l  w a s  15-20%, 
and t h e  geomet r i c  f a c t o r  fo r  UV r a d i a t i o n  w a s  r e s p e c t i v e l y  3 .10  -4 
and 3.10 -3 c m  - 2 .  s t e r a d .  The a p p a r a t u s ,  c o n s i s t i n g  of p i ckup  e lement  

2 .  The maximum p o s s i b l e  d e n s i t y  o f  n e u t r i n o s  and g r a v i t o n s  i n  
t h e  Universe  can  be estimated in t h e  same way as i n  161, from 
t h e  age o f  t h e  E a r t h ,  which, accord ing  t o  p r e s e n t  d a t a ,  exceeds  
T o  = 5.109 ears .  S i n c e  t h e  Hubble 's  c o n s t a n t  i s  H,  = 1 0 0  km/sec. 
Mpc. = 1 0  -Ix yea_rs - I ,  and t h e  age o f  t h e  w o r l d  f i l l e d  w i t h  r a d i -  
a t i o n  i s  T = H o - ~ ( I Q + ~ ) - ' ,  w e  o b t a i n  from t h e  c o n d i t i o n  T > i o ,  $2 < 1. 
The c o n d i t i o n  p rad /pc r  < 1 w i l l  n o t  change,  even i f  t h e  main 
c o n t r i b u t i o n  t o  t h e  d e n s i t y  of t h e  Universe  i s  made by o t h e r  
t y p e s  of matter.  
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u n i t  w i t h  t w o  c o u n t e r s  and t h e  f i r s t  a m p l i f i e r  stages, an elec- 
t r o n i c  u n i t  c o n t a i n i n g  t h e  onboard voltage s t a b i l i z e r ,  and t w o  
i d e n t i c a l  l o g a r i t h m i c  i n t e n s i t y - m e t e r s  w i t h  a r ange  of 2 - 2 * 1 0 3  
p u l s e s / s e c ,  w a s  d e s c r i b e d  i n  d e t a i l  i n  a p r e v i o u s  a r t i c l e  [ 7 ] .  
The method of  a b s o l u t e  c a l i b r a t i o n  of t h e  photon c o u n t e r s  w i t h  
t h e  a id  of a vacuum monochromator and a thermocouple  i s  d e s c r i b e d  
i n  [ 8 ] ,  where t h e  s p e c t r a l  s e n s i t i v i t y  c u r v e s  of t h e  c o u n t e r s  are 
a lso g i v e n .  The photometer  w a s  p l a c e d  on t h e  shady s i d e  of t h e  
AIS and i t s  o p t i c a l  a x i s  w a s  po in t ed  a t  an a n g l e  o f  110' i n  t h e  
d i r e c t i o n  of t h e  Sun. Around t h i s  a x i s ,  t h e  f i e l d  of v i s i o n  o f  
t h e  i n s t r u m e n t  cou ld  d e s c r i b e  a cone w i t h  an a p e r t u r e  a n g l e  of 
140°, whereby t h e  r o t a t i o n  angle  w a s  n o t  c o n t r o l l e d .  Data w e r e  
t r a n s m i t t e d  from t h e  s t a t i o n  t o  t h e  ground d u r i n g  communication 
s e s s i o n s  o f  approximate ly  5 m i n .  d u r a t i o n .  Fo r  t h e  second coun- 
t e r ,  t h e  sys tem f o r  measur ing  t h e  v o l t a g e  a t  t h e  o u t p u t  of t h e  
l o g a r i t h m i c  i n t e n s i t y  meter w i t h  a t i m e  c o n s t a n t  of 3 sec. m a d e  
it p o s s i b l e  t o  record s p e c i f i c  v a l u e s  of t h e  quantum coun t ing  
ra te  f o r  one of t h e  f o l l o w i n g  l e v e l s :  13-17, 1 7 - 2 2 ,  22-28, 28-36, 
36-47 and 47-60 p u l s e s / s e c .  A s  a r u l e ,  t h e  measured v a l u e s  were 
r e c o r d e d  i n  2 - 3  a d j a c e n t  channels  and t h e  t o t a l  number of measure- 
ments w a s  approximate ly  30-50 du r ing  one communication s e s s i o n .  
Most of t h e  measurement p o i n t s  were t h e n  located i n  t h e  range  of 
28-36 p u l s e s / s e c .  ( F i g u r e  1). 

I 

N ,  p u l s e s / s e c . ,  
103 

rot. 

10JU-1YOU i . 

t225 - 1940 ;i 

.." ......................... ... ......... ..........-.*.e. ....... ... ........ ...... .. . .... ........ .. 
. . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . .  . 0 .  

0 .  . 

F i g . 1 .  

Readings of t h e  Device i n s t a l l e d  aboard  t h e  A I S  
"Venera-3" d u r i n g  one of t h e  communication 

s e s s i o n s .  

I n  tQe 1050-1340 A s p e c t r a l  r e g i o n ,  h i t  by t h e  so la r  l i n e  
0 

La ( 1 2 1 6  A ) ,  scattered on i n t e r p l a n e t a r y  n e u t r a l  hydrogen w a s  



4 

- 
- 80 

- 60 

-45 

I 

-20 

I 

l o c a t e d ,  t h e  count corresponded t o  ~ 2 0 0  p u l s e s / s e c .  I n  the r a n y c  
( i n t e r v a l )  of  i n t e r e s t  t o  u s ,  o u t s i d e  t h e  L a - l i n e ,  t h e  main and 
p robab ly  t h e  t o t a l  c o n t r i b u t i o n  w a s  made by t h e  cosmic r a y  back- 
ground.  I n  o r d e r  t o  s t u d y  t h e  e f f e c t  o f  t h i s  background, w e  used  
t h e  d a t a  of S .  N .  Vernov and G .  P .  Lyubimov [9 ]  on t h e  measurement 
of  cosmic r a y  i n t e n s i t y  on t h e  s a m e  AIS w i t h  t h e  STS-5 Geiger  
c o u n t e r .  The s h i e l d i n g  of both  c o u n t e r s  w a s  close t o  3 g/cm2. 
and t h e  measurement p r e c i s i o n  [9]  w a s  v e r y  h i g h  i n  view of t h e  
long  i n f o r m a t i o n  s t o r a g e  t i m e ,  e q u a l  t o  4 hours .  However, even 
measurements d u r i n g  a communication s e s s i o n  y i e l d e d  a p r e c i s i o n  
q u i t e  s u f f i c i e n t  f o r  o u r  purposes .  

F o r  a f i n a l  p r o c e s s i n g  o f  d a t a ,  w e  s e l e c t e d  t h e  f i v e  l o n g e s t  
communication s e s s i o n s  y i e l d i n g  a t o t a l  of 133 v a l u e s  (one of  
t h e s e  i s  i l l u s t r a t e d  i n  F i g . 1 . ) .  All d a t a  r e f e r  t o  t h e  p e r i o d  
from 1 6  November t o  9 December 1965. The r e a d i n g s  of t h e  t w o  
c o u n t e r s  w e r e  compared by t a k i n g  i n t o  accoun t  t h e  ratio of geo- 
m e t r i c  f ac tors ,  c a l c u l a t e d  acco rd ing  t o  t h e  formula 

where rl i s  t h e  g e o m e t r i c  f a c t o r  o f  t h e  UV r a d i a t i o n  c o u n t e r ,  R1 
i s  t h e  r a d i u s  and 1, i s  t h e  l e n g t h  of  t h e  c o u n t e r ,  and I-2, R, and 
1 2  are t h e  c o r r e s p o n d i n g  symbols f o r  t h e  STS-5 c o u n t e r .  From t h e  
d a t a  on t h e  d imens ions  of  t h e  c o u n t e r s  i t  w a s  found t h a t  t h e  r a t i o  
r t / r 2  = 1,14-t0,04. A t  t h e  same t i n e ,  t h e  r e s u l t s  o b t a i n e d  w i t h  t h e  
STS-5 c o u n t e r  co r re spond  t o  a coun t ing  r a t e  of N = (31.2 f 1.4) 
p u l s e s / s e c .  The e r r o r ,  e q u a l  to 1 . 4  p u l s e s / s e c ,  a lso i n c l u d e s  t h e  
measurement e r ror  w i t h  t h e  STS-5 c o u n t e r .  

F ig .2 .  Histogram of c o u n t i n g  rates p l o t t e d  f r o m  t h e  a g g r e g a t e  o f  
d a t a  o b t a i n e d  i n  f i v e  communication s e s s i o n s  w i t h  

"Venera- 3 I' 
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The mean v a l u e  of t h i s  d i s t r i b u t i o n  i s  31.4 p u l s e s / s e c .  
and i t s  s t a n d a r d  d e v i a t i o n  is 4 p u l s e s / s e c .  : however. t h e  mean 
v a l u e  can  be  o b t a i n e d  w i t h  a g r e a t e r  p r e c i s i o n  b u t  t h e  wide 
range  of  measurements a s s o c i a t e d  w i t h  t h e  d i s c r e t e  n a t u r e  of  
t e l e m e t r y  do n o t  a l low us t o  ach ieve  a p r e c i s i o n  much g r e a t e r  
t h a n  t h e  s t a n d a r d  d e v i a t i o n  va lue .  T h e r e f o r e ,  w e  s h a l l  assume 
f u r t h e r  i n  t h i s  p a p e r ,  t h a t , t h e  s i g n a l  a s s o c i a t e d  w i t h  t h e  UV 
r a d i a t i o n  i n  t h e  1225-1340 A band does n o t  exceed 4 p u l s e s / s e c .  
Taking i n t o  accoun t  t h a t  t h e  coun te r  used had an e f f i c i e n c y  of 
a b o u t  0 . 1 7 ,  averaged  from t h e  s p e c t r a l  s e n s i t i v i t y  c u r v e ,  account  
b e i n g  t a k e n  of t h e  t r a n s m i s s i v i t y  of ca lc ium f l u o r i d e ,  a v a l u e  
of  
t h e  r a d i a t i o n  f l u x  which, f o r  a 2 y l a n e  spec t rum,  co r re sponds  t o  an 
i n t e n s i t y  (see Note) 1" < 5.10- w/m2.hz.sterad i n  a f requency  
scale. 

e r g / c m 2 . s e c . s t e r a d ,  w e  o b t a i n  f o r  t h e  upper  l i m i t  of 

The p r e s e n c e  of an  UV background i n  t h i s  s p e c t r a l  r e g i o n  
can be  due t o  t h e  fo l lowing :  a )  t o  t h e  m e t a g a l a c t i c  background: 
b )  t o  t h e  background of t h e  aggrega te  s t e l l a r  r a d i a t i o n ;  c) t o  
r a d i a t i o n  s c a t t e r e d  on i n t e r p l a n e t a r y  g a s  and d u s t :  and d )  t o  La- 
r a d i a t i o n ,  p a r t i a l l y  a r r i v i n g  through t h e  C a F 2  f i l t e r .  

The m e t a g a l a c t i c  UV r a d i a t i o n  i s  p a r t l y  absorbed  i n  o u r  
Galaxy by i n t e r s t e l l a r  d u s t  ( t h i s  problem w i l l  be  examined i n  
g r e a t e r  d e t a i l  i n  S e c t i o n  4 be low) .  Th i s  a b s o r p t i o n  a t t e n u a t e s  
t h e  r a d i a t i o n  f l u x  a r r i v i n g  from t h e  Metagalaxy by n o  more t h a n  
t w o  t i m e s .  Thus, t h e  upper  l i m i t  of t h e  m e t a g a l a c t i c  background 
i s  e q u a l  t o  w/m2.hz.sterad. Obviously,  t h e  background w i l l  
c o n s i s t  of t h e  sum of t h e  emiss ion  of i n t e r g a l a c t i c  g a s  and of  
t h e  background of e x t r a  g a l a c t i c  nebu lae .  

2. RADIATION OF INTERGALACTIC GAS 

A t  p r e s e n t  it i s  assumed t h a t  t h e  space  between ga laxy  c l u s -  
ters c o n t a i n s  a h o t ,  a lmos t  comple te ly  i o n i z e d  g a s  [ l - 4 ,  1 0 1  c o n s i s -  
t i n g  of 70% hydrogen and 30% helium (by w e i g h t )  [ll-131. The 
r a d i a t i o n  o f  t h i s  g a s  i n  t h e  UV spectral  r e g i o n  i s  de termined  by free- 
f r e e  t r a G s i t i o n s  and emiss ion  i n  %he resonance  l i n e s  by hydrogen 
( A  1216 A)  and he l ium i o n  ( A  304 A ) .  The r a d i a t i o n  o f  t h e  resonance  
l i n e  of n e u t r a l  he l ium ( A  5 8 4  A )  can be d i s r e g a r d e d ,  s i n c e  it is  
material  a t  t empera tu res  of t h e  o r d e r  o f  (3-5) . l o 4  d e g r e e s  K, when 
it i s  comple t e ly  absorbed by weakly i o n i z e d  hydrogen. Rad ia t ion  i n  

Note. The r e c a l c u l a t i o n  of t h e  background l e v e l ,  performed b u s  
f o r  measurements o f  t h e  emiss ion  o f  stars n e a r  A 1314 w [391 
g i v e s  f o r  t h e  upper  l i m i t  of UV r a d i a t i o n  an estimate which 
i s  i n  agreement w i t h  t h e  above f i g u r e .  
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cons ide red  1225-1340 s p e c t r a l  r ange  
from t h e  r e g i o n  where 0 . 0 1  2 z < 0 . 1 ,  
and t h a t  i n  t h e  l i n e  A 304 A f r o m  t h e  

r e sonance  l i n e s  of hydrogen and t h e  i o n s  i s  caused  by t h e  exci-  
t a t i o n  of t h e  2p l e v e l  by e l e c t r o n i c  impact  and by recombina t ion  
a t  the e x c i t e d  l e v e l s ,  S i n c e  t h e s e  p r o c e s s e s  are s t r o n g l y  depen- 
d e n t  on t e m p e r a t u r e  ( F i g . 3 )  and d e n s i t y  ( %  n e 2 ) ,  t h e  p r e s e n c e  of 
an upper  l i m i t  o f  r a d i a t i o n  makes it p o s s i b l e  t o  e s t a b l i s h  an 
upper  l i m i t  o f  t h e  g a s  d e n s i t y  f o r  each  v a l u e  of t h e  t empera tu re .  

During t h e  course of  Universe  
expans ion  t h e  wavelengths  v a r y  a c c o r d i n g  
t o  t h e  l a w  A = X o / ( l  + z ) ,  and t h e  
d e n s i t y  a c c o r d i n g  t o  t h e  l a w  
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Fig.4.  
Upper l i m i t  of t h e  d e n s i t y  o f  i n t e r g a l a c t i c  g a s  

a f u n c t i o n  o f  i t s  t e m p e r a t u r e .  

The area o f  d e n s i t i e s  above curve  1 i s  f o r b i d d e n  by t h e  
r e s u l t s  o f  measu remen t s  [ l o ] .  The area t o  t h e  l e f t  o f  curve  
5 i s  f o r b i d d e n  by measurements i n  X 2 1  c m ,  and cu rve  1-a g i v e s  
t h e  upper  l i m i t  of  R i n  t h e  case of n o n s t a t i o n a r y  g a s  i o n i z a -  
t i o n .  Curves 2 and 2 a ,  3 ,  4 are p l o t t e d  w i t h  t h e  assumption 
t h a t  t h e  upper l i m i t  o f  t h e  UV r a d i a t i o n  f l u x  w i l l  be r e s p e c t i -  
v e l y  reduced  1 0 ,  1 0 0 ,  and 1000 t i m e s .  a )  H-I emiss ion  i n  t h e  
L a - l i n e  ( p r o v i d e s  i n f o r m a t i o n  on t h e o r e g i o n  where 0 . 0 1  < z < 0 . 1 ) ;  
b )  H e  I1 emiss ion  i n  t h e  l i n e  X 304 A ( p r o v i d e s  i n f o r m a t i o n  on 
t h e  r e g i o n  where 3 . 1  < z < 3.4)  

have shown t h a t  nH < 6.10-11 ~ r n - ~ ,  which i n  t h e  case when R = 1 
( p  = p c r )  co r r e sponds  t o  T ( z  = 2 )  > 1 . 2 . 1 0 6  de  rees K .  L inds ,  
Oke and Burbidgees c o n s i d e r  t h a t  nH < l o - ’ ’  cm-9 and T ( z  = 2 )  > 
> 6.106 degrees  [1,16] ( p r e c i s e l y  t h i s  v a l u e  i s  g i v e n  i n  F i g . 5 )  
Second, by measu remen t s  of  t h e  i s o t r o p i c  X-ray background i n  t h e  
3-8 fi wavelengths  by F i e l d  and Henry [ 3 ]  have shown t h a t  t h i s  
background ( 7  quanta/cm2. sec. s t e r a d )  i s  t h e  upper  l i m i t  of t h e  
r a d i a t i o n  of i n t e r g a l a c t i c  g a s  and have found t h e  upper  tempera- 
t u r e  l i m i t .  S i n c e  t h e  f low i n  t h e  case o f  f r e e - f r e e  t r a n s i t i o n s  
i s  e q u a l  to :  

i t  is p o s s i b l e ,  knowing Iyax, t o  c a l c u l a t e  t h e  upper  t empera tu re  
l i m i t  f o r  each  r e g i o n  z .  A l l  t h e  a v a i l a b l e  e x p e r i m e n t a l  d a t a  are 
shown i n  F i g . 5 ,  a ,  b for  R = 1 and Q = 3 .  The shaded areas are 
p r o h i b i t e d  by o b s e r v a t i o n s .  
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Fig .5 .  
Temperature  areas fo rb idden ,  when h = 1 (a )  and 
$l = 3 ( b ) ,  by measurements i n  t h e  UV band and i n  t h e  
2 1 - c m  l i n e  ( r e g i o n  1 1 ,  i n  t h e  2-8 & band ( r e g i o n  c) 
a c c o r d i n g  t o  l i n e  a b s o r p t i o n  i n  s p e c t r a  of q u a s a r s  
w i t h  z % 2 (Gunn and P e t e r s o n ' s  estimate - r e g i o n  b;  
B u r b i g e e s ,  L inds  and Oke 's  es t imate  - r e g i o n  a ) .  

Regions 2 ,  3 ,  4 co r re spond  t o  t h e  assumpt ions  used  
f o r  p l o t t i n g  c u r v e s  2 ,  3 ,  4 i n  F ig .4 .  Also  shown i s  
t h e  t e m p e r a t u r e  r e g i o n  i n  which maximum i n f o r m a t i o n  
may be p rov ided  by t h e  background measurements i n  t h e  

X A  20-30 i n t e r v a l .  

There  i s  no  r e s o l v e d  t empera tu re  r e g i o n  on t h e  cu rve  where 
R = 3 when z = 2 ,  which exc ludes  any d e n s i t y  exceeding  6 . 1 0 - 2 9  g / c m 3 .  
T h i s  l i m i t  i s  o b t a i n e d  w i t h  t h e  assumption t h a t ,  a t  z = 2 ,  t h e  
degree of i o n i z a t i o n  of  t h e  gas i s  de termined  by t h e  e l e c t r o n  
t e m p e r a t u r e .  N o  known UV r a d i a t i o n  s o u r c e s  of any k i n d  ( q u a s a r s ,  
q u a s i - g a l a x i e s ,  r a d i o g a l a x i e s ,  e t c . )  can e n s u r e  such  a h igh  degree  
of i o n i z a t i o n ,  even i f  t h e i r  e v o l u t i o n  i s  t aken  i n t o  accoun t  
a c c o r d i n g  t o  Longai r  [ 1 7 1 .  

3 .  PROSPECTS OF FURTHER OBSERVATIONS O F  THE 
RADIATION O F  INTERGALACTIC GAS. 

The examinat ion  of F ig .  5 shows t h a t  expe r imen t s  y i e l d i n g  
i n f o r m a t i o n  on h igh- tempera ture  plasma (3.104 < T < 7.106 degrees  
K) are  of fundamental  importance.  Under t h e s e  c o n d i t i o n s ,  free- 
free t r a n s i t i o n s  r e p r e s e n t  t h e  p r i n c i p a l  mechanism of r a d i a t i o n .  
Th i s  r a d i a t i o n  can be obse rved  bo th  i n  t h e  UV and i n  t h e  X-ray 
r e g i o n s  of t h e  spec t rum.  

I n  a d d i t i o n  t o  t h i s  mechanism, a c e r t a i n  c o n t r i b u t i o n  i s  
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made i n  t h e  UV r e g i o n  by emission i n  t h e  l i n e s  L , ( z  % 0 . 1 )  and 
H e  I1 ( A  304 8 )  ( z  3 ) .  La-quanta can be exc luded  i n  o b s e r -  
v a t i o n s  w i t h  X < 1 2 1 6  A. The H e  I1 r a d i a t i o n  canno t  be  s e p a r a t e d  
i n  t h i s  manner. L e t  us  n o t e ,  by t h e  way, t h a t  o u r  ga l axy  becomes 
t o t a l l y  opaque f o r  wavelengths  shorter  t h a n  9 1 2  A (a t a b l e  showing 
t h e  o p t i c a l  t h i c k n e s s  i n  t h e  X-ray r e g i o n  w i l l  be g iven  l a t e r  i n  
t h i s  a r t i c l e ) .  Obse rva t ions  i n  t h e  W s p e c t r a l  r e g i o n  make it 
p o s s i b l e  t o  narrow down c o n s i d e r a b l y  t h e  i n t e r v a l  o f  p e r m i s s i b l e  
t e m p e r a t u r e s  when z % 0 . 1  and z % 3, and these c o n c l u s i o n s  are 
p r a c t i c a l l y  independen t  o f  t h e  mode of  f u n c t i o n  T ( z )  . The p e r -  
m i s s i b l e  t e m p e r a t u r e  r a n g e ,  o b t a i n e d  a t  a f i x e d  v a l u e  of  $2 f o r  
t h r e e  v a l u e s  (see Note 1) of z, allows us t o  judge ,  a l though  
rather approx ima te ly ,  about  t h e  n a t u r e  of T ( z )  v a r i a t i o n .  By 
drawing  upon a d d i t i o n a l  theoret ical  c o n s i d e r a t i o n s  i n  r e g a r d  t o  
t h e  c o u r s e  o f  c o o l i n g  w i t h  expansion [18 ,2 ]  i t  i s  p o s s i b l e  t o  
d e f i n e  more p r e c i s e l y  t h e  mode of  t h e  f u n c t i o n  i n  t he  i n t e r v a l  
where z < 3 ,  T ( z )  . Study of  t h e  emis s ion  i n  a con t inuous  s p e c t -  
rum, b o t h  i n  t h e  X-ray and W s p e c t r a l  r e g i o n s ,  a l lows  us  t o  
d e t e r m i n e  R ,  and a l s o  t h e  va lue  o f  z = Zmax a t  which h e a t i n g  of 
t h e  g a s  took p l a c e  [19]  (see Note  2 ) .  A t  t h e  same t i m e ,  an a d d i -  
t i o n a l  c o n t r o l  w i l l  be  r e a l i z e d  of t h e  c o r r e c t n e s s  of t h e  selec- 
t i o n  o f  T ( z ) .  

L e t  us  demons t r a t e  t h i s  by a s imple  example: l e t  t h e  tempe- 
r a t u r e  va ry  a c c o r d i n g  t o  t h e  law T = T o  (1 + z )  . Then, formula  
( 2 )  w i l l  take t h e  form: 

Knowledge of  t h e  f l u x  i n  three d i f f e r e n t  s p e c t r a l  i n t e r v a l s  
i s  n e c e s s a r y  t o  d e t e r m i n e  t h e  t h r e e  pa rame te r s  d e f i n i n f  I,. I n  
f a c t ,  it i s  expe r imen tab ly  p o s s i b l e  t o  measu5e t h e  f l y x  i n  t h e o  
f o l l o w i n  f o u r  wavelenght  ranges:  1050-1340  A ,  44-60 A ,  15-20 A 

r e g i o n  of t h e  spec t rum,  t h e  background i s  de te rmined  by t h e  aggre-  
g a t e  s t e l l a r  r a d i a t i o n ) .  The a v a i l a b i l i t y  of d a t a  i n  two a d d i t i o n a l  
s p e c t r a l  i n t e r v a l s  o f f e r s  t h e  hope of a p o s s i b l e  unambiquous de- 
t e r m i n a t i o n  of  R ,  zmax and of t h e  mode o f  T ( z ) .  

and 2-8  il , and a lso i n  t h e  r a d i o  f r equency  range  ( i n  t h e  o p t i c a l  

The r e s u l t s  of measurements i n  any one o f  t h e  above-mentioned 

N o t e  1. T h i s  range  can be s i g n i f i c a n t l y  reduced  a s  a r e s u l t  of 
o b s e r v a t i o n s  of t h e  L, a b s o r p t i o n  l i n e  i n  t h e  spec t rum 
of q u a s a r  3C-237 ( z  % 0 . 1 6 )  (see b e l o w )  

Note 2 .  A d d i t i o n a l  i n fo rma t ion  on zmaX and T ( z )  is  p rov ided  by 
o b s e r v a t i o n s  of t h e  i s o t r o p i c  r a d i o  background on 100- 
1 0 0 0  M c .  I n  [A]  it i s  shown t h a t  zmax < 300. 
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s p e c t r a l  i n t e r v a l s  bear a s i g n i f i c a n t  i n fo rma t ion :  o b v i o u s l y  
(see formula  ( 3 )  and ( 4 ) ) ,  i n  t h e  r e g i o n  where h, > kT, IV i s  
n o t  s e n s i t i v e  t o  v a r i a t i o n  and i t  g r e a t l y  depends on t h e  mode 
of T ( z ) ,  whereas  f o r  h, < kT ( W  and r a d i o  f requency  r ange )  t h e  
dependence on R and Zmax i s  g r e a t .  

C o n s i d e r a t i o n  o f  expe r imen ta l  p o s s i b i l i t i e s  shows t h a t  even 
t h e  p r e s e n t  s t a t e  of t h e  a v a i l a b l e  i n s t r u m e n t a t i o n  i s  f u l l y  ade-  
q u a t e  t o  cope w i t h  t h e  problems fo rmula t ed .  

a ) .  X-ray r e g i o n .  I n  t h e  2-8 r e g i o n  i t  i s  n e c e s s a r y  t o  
s e p a r a t e  t h e  background a s s o c i a t e d  w i t h  un reso lved ,  weak, e x t r a  
g a l a c t i c  s o u r c e s  of  X-ray r a d i a t i o n .  U n f o r t u n a t e l y ,  no measure- 
ments are a v a i l a b l e  i n  t h e  1 5 - 2 0  A r e g i o n .  I t  would be ex t r eme ly  
i m p o r t a n t  t o  know t h e  upper  l i m i t  o f  r a d i a t i o n  i n  t h i s  range .  Of 
i n t e r e s t  a lso are f l u x g s  ranging  from 6 * 1 0 - 2  t o  60  quanta/cm2 sec. 
s terad.  I n  t h e  44-60 A r e g i o n ,  a b s o r p t i o n  i n  t h e  Galaxy and i n  
t h e  loca l  group becomes impor t an t .  An estimate of t h e  a b s o r p t i o n  
based  on t h e  knowledge of t h e  number  of atoms i n  t h e  column and 
t h e  chemica l  composi t ion  [ 2 0 , 2 1 ]  al lows us  t o  compute t h e  o p t i c a l  
t h i c k n e s s ,  f o r  v a r i o u s  wavelengths ,  e q u a l  t o  ant?, where n?, = 
= 6 . 1 0 - 2 6  cm--2 hydrogen atoms (see Table  1) .  

Table  1. The i n t e g r a l  r a d i a t i o n  f l u x  
wi th  a p l a n e  spec t rum i n  t h e  4 4 - 6 0  
r e g i o n  w i l l  be weakened 20 t i m e s .  
Measurements i n  t h i s  r ange  w i t h  t h e  
t h r e s h o l d  r e sponse  of 1-102 quan ta /  
cm2. sec. s t e r a d  are o f  i n t e r e s t ,  b u t  
t h i s  r e q u i r e s  some improvement of 
t h e  i n s t r u m e n t a t i o n .  

b ) .  Radio Frequency Band. I n  o r d e r  t o  de te rmine  t h e  p l a n e  
component it i s  n e c e s s a r y  t o  perform i n  t h i s  band a c a r e f u l  ana- 
l y s i s  of t h e  background emiss ion  i n  t h e  f r e q u e n c i e s  of 600-1000 M c .  
A s  i s  w e l l  known, t h e  mean s p e c t r a l  i n d e x  of  r a d i o g a l a x i e s  i s  
La = 0 . 8 0  (I,  % w - a ) .  A r e a l i s t i c  method is  t h e  s e p a r a t i o n  o f  t h e  
m e t a g a l c t i c  component analogous w i t h  t h e  work done by Br iddle  [ 1 7 , 2 2 ]  
and t h e  deduc t ion  t h e r e  from t h e  t o t a l  c o n t r i b u t i o n  made by radio 
s o u r c e s  and t h e  r e l i c t  r a d i a t i o n  [ 2 2 , 1 9 ] .  

c). The UV P o r t i o n  of  t h e  Spectrum. I n  t h e  XXlOOO-1500 
r ange  t h e  s e n s i t i v i t y  may be s u b s t a n t i a l l y  i n c r e a s e d .  I t  i s  shown 
i n  S e c t i o n  5 of t h i s  p a p e r  t h a t  t h e  i s o t r o p i c  background, n o t  asso- 
c ia ted  w i t h  r a d i a t i o n  from t h e  i n t e r g a l a c t i c  medium, does n o t  ex- 
ceed 1 0 - l o  e rg /c rn ' . sec . s te rad .  The s t e l l a r  background can be e l i -  

N o t e .  Measurements by S .  L .  Mandel'shtam and I .  P .  Tindo (Doklady 
AN SSgR - i n  p r i n t )  have shown t h a t  t h e  background i n  t h e  
8-14 A r e g i o n  does  n o t  exceed 5 q u a n t a / c m 2 . s e c . s t e r a d ) .  
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minated  i n  o b s e r v a t i o n s  w i t h  i n s t r u m e n t s  hav ing  a s m a l l  f i e l d  
of  v i s i o n  ( Q  O O . 1 )  (see S e c t i o n  4 ) .  Thus, t h e  l i m i t  of back- 
ground measurements i n  t h e  W reg ion  is  d e f i n e d  on ly  by i n s t r u -  
men ta l  p o s s i b i l i t i e s .  

A s m a l l  f i e l d  of v i s i o n ,  w h i l e  r e t a i n i n g  t h e  s i g n i f i c a n c e  
of t h e  geomet r i c  f a c t o r ,  can be e a s i l y  o b t a i n e d  w i t h  t h e  a i d  of 
o p t i c s .  N a t u r a l l y ,  it i s  necessa ry  i n  t h i s  case t o  rea l ize  a 
c o n s t a n t  o r i e n t a t i o n  of t h e  i n s t r u m e n t  on  t h e  t i m e  d u r i n g  which 
s u f f i c i e n t  i n f o r m a t i o n  w i l l  be  o b t a i n e d .  The background of 
charged  p a r t i c l e s  can be s u b s t a n t i a l l y  lowered by u s i n g  a n t i -  
c o i n c i d e n c e  schemes between t h e  photon c o u n t e r  and t h e  s c i n t i l -  
l a t i o n  d e t e c t o r  of cha rged  p a r t i c l e s .  

The background of s c a t t e r e d  La-emission can be  reduced  t o  
t h e  d e s i r e d  e x t e n t  by i n c r e a s i n g  t h e  t h i c k n e s s  of  t h e  calcium 
f l u o r i d e  f i l t e r .  The f i l t e r  1 nun thick,  used i n  t h e  A 1216  A, had 
a t r a n s m i s s i o n  of less t h a n  0.1 %. Yne a v a i l a b l e  photon c o u n t e r s  
a l low t h e  o v e r l a p p i n g o o f  t h e  fo l lowing  s p e c t r a l  regions: 1225-1340, 
1225-1550, 1450-1550 A. I n  pr incipl : ,  i t  i s  p o s s i b l e  t o  d e s i g n  a 
c o u n t e r  responding  i n  t h e  1050-1200 A r e g i o n .  By u s i n g  such 
c o u n t e r s  t o g e t h e r  w i t h  a medium-sized t e l e s c o p e  ( %  1 0  an), it i s  
p o s s i b l e  t o  o b t a i n  i n f o r m a t i o n  from r e g i o n s  w i t h  d i f f e r e n t  z values ,  
and a l so  t o  s e p a r a t e  t h e  emis s ions  i n  t h e  La and H e  I1 A 304 
l i n e s .  

d ) .  Spec t rophotometry  of  Q u a s a r  3C-237 i n  t h e  UV S p e c t r a l  
Region. I t  was a l r e a d y  mentioned p r e v i o u s l y  t h a t  it i s  

p o s s i b l e ,  i n  p r i n c i p l e ,  t o  de termine  t h e  c o n t e n t  o f  n e u t r a l  hydro- 
gen by t h e  a b s o r p t i o n  i n  t h e  L a - l i n e  of t h e  spec t rum of t h e  n e a r e s t  
q u a s a r  3C-237(z = 0.159,  m = 1 3 m ) .  Fo r  2=2 ( q u a s a r  3C-9) t h i s  
method w a s  proposed by Gunn and P e t e r s o n  [ 4 1 .  Obse rva t ions  w e r e  
performed by methods of  ground astronomy,  f o r  i n  t h i s  q u a s a r  t h e  
L a - l i n e  i s  s h i f t e d  i n t o  t h e  o p t i c a l  r e g i o n .  The spec t rum of 
q u a s a r s  3C-273 can be o b t a i n e d  o n l y  w i t h  t h e  a i d  of a t e l e s c o p e  
t r a n s p o r t e d  beyond t h e  l i m i t s  of t h e  E a r t h ' s  a tmosphere.  

The W s p e c t r a  of  stars [23,251 b r i g h t e r  t h a n  3m.5, o b t a i n e d  
a t  t h e  p r e s e n t  t i m e ,  make it p o s s i b l e  t o  de te rmine  t h e  approximate 
p a r a m e t e r s  of t h e  t e l e s c o p e  capab le  of s o l v i n g  t h i s  ex t r eme ly  d i f -  
f i c u l t  ( f rom an e x p e r i m e n t a l  s t a n d p o i n t )  problem. Of c o u r s e ,  t h e  
u s e  o f  a s l i t  p h o t o e l e c t r i c  s p e c t r o p e t e r  i s  obv ious ly  p r e f e r a b l e .  
The f l u x  of T, 0.03  quanta/cm2.sec.  A w i l l  r e q u i r e  i n  t h i s  case a 
t e l e s c o p e  w i t h  a mir ror  of  'L 20 c m  d i a m e t e r .  Such a h igh  magni- 
t u d e  of t h e  f l u x  i n  t h e  OV r eg ion  o f  t h e  spec t rum f o r  an o b j e c t  
of  13m i s  a s s o c i a t e d  w i t h  an almost  p l a n e  spec t rum ( i n  f requency  
scale) f o r  q u a s a r s .  T h i s  f ac t  i s  conf i rmed w i t h  s u f f i c i e n t  re- 
l i a b i l i t y  by o b s e r v a t i o n s  of  t h e  o p t i c a l  s p e c t r a  of w e a k e r  q u a s a r s  
w i t h  z % 2 [ 2 6 , 2 7 1 .  
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When A X  % 200  i, a s p e c t r a l  r e s o l u t i o n  of  % 1 0  would be  
q u i t e  a c c e p t a b l e .  If t h e  s p e c t r a l  r e s o l u t i o n  w e r e  made e q u a l  
t o  a b o u t  1 A ,  t h e  o b s e r v a t i o n s  of t h e  a b s o r p t i o n  l i n e  p r o f i l e  
i n e  q u a s a r  3C-293 would have provided  t h e  p o s s i b i l i t y  o f  d e t e r -  
mining t h e  n e u t r a l  hydrogen c o n t e n t  i n  t h e  Coma  V i rgo  Galaxy 
c l u s t e r s  l o c a t e d  a t  a d i s t a n c e o o f  1 2  Mpc from u s ,  which corres- 
ponds t o  a Doppler s h i f t  of  5 A. A r e s o l u t i o n  of % 1 0  w i l l  
n o t  re u i r e  a guidance  of t h e  t e l e s c o p e  on t h e  o b j e c t  w i t h  
m = 13' d u r i n g  a p e r i o d  of  t ime of  abou t  200  sec. 
q u i t e  s a t i s f a c t o r y  if a s l i t l e s s  pho tograph ic  spec t rog ram c o u l d  
be o b t a i n e d  d u r i n g  t h e  same t i m e  p e r i o d ,  w i t h  a s t a b i l i z a t i o n  of 
t h e  t e l e s c o p e  i n  an approximate ly  g iven  d i r e c t i o n ,  as w a s  done 
i n  t h e  exper iments  d e s c r i b e d  in[24 ,251 .  I t  can be  expec ted  t h a t  
i n  t h e  UV s p e c t r a l  r e g i o n  quasa r  3C-273 i s  an abnormal ly  b r i g h t  
o b j e c t  f o r  h i g h  g a l a c t i c  l a t i t u d e s .  The p l a n e  spec t rum of q u a s a r s ,  
y i e l d i n g  a powerfu l  f l u x  i n  t h e  W s p e c t r a l  r e g i o n ,  allows u s  t o  
use  r e l a t i y e l y  modest o p t i c a l  means f o r  narrow-band photometry 
( A x  % 1 0 0  A ) .  Even such a r e s o l u t i o n  is q u i t e  s u f f i c i e n t  p r o v i d e d  
t h e  c o n t e n t  of  n e u t r a l  hydrogen exceeds  atoms/cm3. I n  t h i s  
case, q u a s a r  r a d i a t i o n  i n  t h e  XX122S-1340 A r e g i o n  w i l l  s imply  be  
a b s e n t .  Such o b s e r v a t i o n s  can  be  e f f e c t e d  by means of a t e l e s c o p e  
w i t h  a d i a m e t e r  of % 20  c m  and a t i m e  c o n s t a n t  of % 1 0 0  sec. 
Apparen t ly ,  t h e  r e s u l t s  o b t a i n e d  by Kohler [15] can  be  checked i n  
such a manner. 

I t  would be  

The upper  l i m i t  of n e u t r a l  hydrogen c o n c e n t r a t i o n  t h a t  can 
be d e t e c t e d  i s  found from t h e  r e l a t i o n  

where H o  i s  Hubble ' s  c o n s t a n t  and e ,  m ,  f are t h e  c h a r g e ,  t h e  
m a s s  o f  t h e  e l e c t r o n  and t h e  osc i l ra t% g t r e n g h t  f o r  t h e  t r a n s i -  
t i o n  1s - 2 P .  For  t h e  minimum d e t e c t a b l e  c o n c e n t r a t i o n  w e  s h a l l  
o b t a i n  a v a l u e  of  % 6.10" '12 ~ m - ~ .  

Abs rop t ion  i n  t h e  spectrum of q u a s a r  3C-273 cag be e s t i m a t e d  
two c o u n t e r s  i n  t h e  range 1050 < h < 1 2 0 0  A and 1225 < h < 

by < 1400 
e i t h e r  by i n t e r g a l a c t i c  o r  i n t e r s t e l l a r  g a s ,  and i n  t h e  second 
s p e c t r a l  range  t h e  f low w i l l  be 150 t i m e s  s m a l l e r  t h a n  t h e  expec ted  
f low of nH = 1 0  --l 
t e l e s c o p e  be aimed ( p o i n t e d )  a t  q u a s a r  3C-273. The n e u t r a l  hydro- 
gen c o n c e n t r a t i o n  found i n  t h i s  manner makes i t  p o s s i b l e  t o  cal-  
c u l a t e  t h e  t empera tu re  of  t h e  g a s  fo r  any v a l u e  of t h e  d e n s i t y .  
The s t u d y  of  t h e  UV spec t rum of a q u a s a r  o f fe rs  g r e a t e r  advan tages  
i n  comparison w i t h  t h e  method of s t u d y i n g  a b s o r p t i o n  on t h e  2 1 - c m  

. R a d i a t i o n  i n  t h e  f i r s t  s p e c t r a l  r ange  i s  n o t  absorbed  

(T % 5)  . T h i s  expe r imen t  r e q u i r e s  t h a t  t h e  
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wave ( s e n s i t i v i t y  t h re sho ld  Q, a t o m s / c m 3  [ 1 4 , 1 5 ] ) .  I n  a d d i -  
t i o n ,  h e r e  it is n o t  n e c e s s a r y  t o  make u s e  of t h e  ex t r eme ly  p o o r l y  
known v a l u e  of t h e  s p i n  t empera tu re .  

Such o b s e r v a t i o n s  w i l l  make i t  p o s s i b l e  t o  detect  d e n s i t y  and 
t e m p e r a t u r e  inhomogene i t i e s  and also t o  es tab l i sh  t h e  depencence 
T ( z )  when z < 0 . 1 6 .  When compared w i t h  data on 3C-9, t h e  absence  
of a b s o r p t i o n  i n  the  spec t rum of q u a s a r  3C-273,  w i l l  p o i n t  t o  t h e  
absence  of n e u t r a l  hydrogen when z < 2 ,  and t h i s  opens up p o s s i b i -  
l i t i e s  f o r  s t u d y i n g  s p e c t r a  of q u a s a r s  w i t h  z Q, 2 i n  t h e  UV r e g i o n  
( A  = A o / ( l  + 2)  % 4 0 0  A ) .  This  r a d i a t i o n  can be absorbed  o n l y  i n  
t h e  A584 8 l i n e  of n e u t r a l  helium. 

e ) .  Obse rva t ions  of G a s  i n  Galaxy C l u s t e r s .  The g a s  p r e s e n t  
i n  such  c l u s t e r s  can c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  ave rage  den- 
s i t y  o f  matter i n  t h e  Metagalaxy. I t  is  g e n e r a l l y  a c c e p t e d  [281  
t h a t  t h e  m a s s  o f  g a l a x i e s  making up t h e  c l u s t e r  is n o t  s u f f i c i e n t  
fo r  its e q u i l i b r i u m  a t  a c e r t a i n  d i s t r i b u t i o n  of  veloci t ies  of 
i n d i v i d u a l  g a l a x i e s .  C a l c u l a t i o n s  show t h a t  t h e  p r e s e n c e  of g a s  
w i t h  an average d e n s i t y  of - l o h 4  atoms/cm3 i s  s u f f i c i e n t  t o  
s t a b i l i z e  t h e  c l u s t e r .  A t  t h e  same t i m e ,  t h i s  g a s  can  make a 
s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  average d e n s i t y  of matter i n  t h e  
Un ive r se ,  

B a h c a l l  and S a l p e t e r  [29,301 have called a t t e n t i o n  t o  t h e  
f a c t  t h a t  t h e  g a s  i n  g a l a x y  can  l e a d  t o  t h e  fo rma t ion  of absorp-  
t i o n  l i n e s  i n  t h e  s p e c t r a  o f  remote q u a s a r s .  Such l i n e s  have been 
found f o r  q u a s a r s  3C-9, PKS 1 1 1 6  + 1 2 ,  and 1021 [31,38]. Observa- 
t i o n s  o f  l i n e s  of e l e m e n t s  p r e s e n t  i n  a high stage of i o n i z a t i o n  
s i m u l t a n e o u s l y  w i t h  t he  La - l ine  p o i n t  t o  high t e m p e r a t u r e  of t h e  
g a s  (Q, 5.105 deg. K )  a t  a d e n s i t y  of % ~ m ' ~ .  However, s i n c e  
heavy e l emen t s  must  be a b s e n t  [ l l  i n  "pr imary"  matter n o t  h a v i n g  
undergone a " r e p r o c e s s i n g "  i n  s tars ,  t h i s  method canno t  be effec- 
t i v e  ( N o t e ) .  A t  t h e  same t i m e ,  t h e  h o t  model of t h e  Universe  p r e -  
d i c t s  a 1 0 %  he l ium c o n t e n t  (based on t h e  number of atoms). Unfor- 
t u n a t e l y ,  t h e  H e  spec t rum does n o t  show resonance  l i n e s  i n  t h e  
v i s i b l e  and near-UV s p e c t r a l  r e g i o n s .  The p r e s e n c e  o f  t h e  m e t a s -  
t a b l e  l e v e l  2 3 S  ( l i fe t ime % 105  sec) a f f o r d s  t h e  hope t h a t  it w i l l  
be  p o s s i b l e  t o  obse rve  t h e  l i n e s  AX10830 and 3880 i n  t h e  absorp-  
t i o n .  A l g o  of  i n t e r e s t  are o b s e r v a t i o n s  of t h e  l i n e s  XX3889, 7086 
and 5 8 7 6  A i n  t h e  emis s ion  o f  ga lac t ic  c l u s t e r s  g a s  [ll]. Calcu- 
l a t i o n s  of t h e  t h e r m a l  b a l a n c e  of  g a s  i n  c l u s t e r s  [18] show t h a t  
t h e  f o l l o w i n g  3 t e m p e r a t u r e  ranges  are t h e  m o s t  l i k e l y  ones:  
T < l o 4  deg.K; 2 . 5 . 1 0 4  c T < 5.5.104 deg.K and T > 3.105 deg. K .  
O b s e r v a t i o n s  i n  t h e  21-ern l i n e  a f f o r d  t h e  on ly  p o s s i b i l i t y  f o r  t h e  

Note. A c e r t a i n  number o f  heavy-element atoms c o u l d  have been 
formed d u r i n g  e x p l o s i o n s  o f  p a r e n t  ( a n c e s t o r )  stars and 
as a r e s u l t  of e j e c t i o n  f r o m  g a l a x i e s .  
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. 

--  f i r s t  t e m p e r a t u r e  r a n g e ,  i n  t he  same way as was shown i n  [151.  
The m a x i m u m  luminescence of t h e  he l ium l i n e  l i e s  p r e c i s e l y  i n  
t h e  second t e m p e r a t u r e  r a n g e ,  whereas f o r  remote c l u s t e r s  
a b s o r p t i o n  l i n e s  of heavy-element i o n s  can be  obse rved  i n  t h e  
t h i r d  t e m p e r a t u r e  r ange .  But i f  t h e  t e m p e r a t u r e  i s  g r e a t e r  
t h a n  l o 6  deg .  K ,  t h e  o b s e r v a t i o n s  of X-ray r a d i a t i o n  appea r  
t o  be  m o s t  p romis ing .  Thus, f o r  example,  X-ray r a d i a t i o n  f r o m  
a c l u s t e r  i n  t h e  Coma Beren ica  c o n s t e l l a t i o n  w a s  d e t e c t e d  i n  
t h e  r e g i o n  E * 2 5  kev  [34,351. Fr iedman 's  o b s e r v a t i o n s  [361 
i n  t h e  1-10  8, r e g i o n  f a i l e d  t o  d i s c l o s e  a s o u r c e  w i t h  an upper  
f l u x  l i m i t  of 0 . 4  quanta/cm2.sec.  I t  seems t o  us  t h a t  t h e s e  
o b s e r v a t i o n s  can be  matched when T > 3.108 deg.  K ,  n % c m -  
and c l u s t e r  d imens ions  1 % 3 Mpc [ 2 6 ] .  F o r  t h e  c a s e  of an ex- 
t e n d e d  c l u s t e r ,  t h e  f l u x  i s  c a l c u l a t e d  by u s i n g  t h e  formula:  

3 
I 

From l o 4  t o  l o 5  deg.  K ,  t h e r e  are some p r o s p e c t s  f o r  obse r -  
v a t i o n s  of gas i n  g a l a c t i c  c l u s t e r s  i n  t h e  L a - l i n e ,  d i s p l a c e d  
by t h e  cosmolog ica l  r e d  s h i f t  i f  o n l y  by 1 0  A. This  s h i f t  i s  
s u f f i c i e n t  t o  e l i m i n a t e  t h e  background of s c a t t e r e d  La-emission 
i n  t h e  i n t e r p l a n e t a r y  medium. 
c l u s t e r s  l o c a t e d  a t  a d i s t a n c e  g r e a t e r  t h a n  R = 25 Mpc: 

Such a s h i f t  i s  e x h i b i t e d  by 

I ( =  (#) (7) 

The f l o w  r eco rded  by an i n s t r u m e n t  w i t h  a f i e l d  of v i s i o n  
s u b s t a n t i a l l y  s m a l l e r  t h a n  t h e  dimensions o f  t h e  c l u s t e r s  i s  
found by t h e  formula  

where $(T) i s  t h e  volume luminos i ty  d i v i d e d  by t h e  s q u a r e  of  
t h e  d e n s i t y ,  shown i n  F ig .3 .  I n  t h e  l o 4  - l o 5  deg.  K r a n g e ,  
t h e  i n s t r u m e n t a t i o n  a v a i l a b l e  makes it p o s s i b l e  t o  r e c o r d  such  
a r a d i a t i o n  w i t h  a f i e l d  of v i s i o n  of 1'. ( N o t e ) .  By narrowing 
down t h e  s p e c t r a l  r ange  it is p o s s i b l e  t o  i n c r e a s e  t h e  s e n s i t i -  
v i t y  of t h e  r e c o r d i n g  i n s t r u m e n t s .  

N o t e .  The dimensions o f  numerous c l u s t u r s  c o n s t i t u t e  % 0.5'. 
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4 .  STELLAR CGI@GNENT O F  THE BACKGROUND iiu' THE Uii  REGION. 
ABSORPTION I N  THE INTERSTELLAR MEDIUM.  

T o  c a l c u l a t e  t h e  background a s s o c i a t e d  w i t h  t h e  a g g r e g a t e  
r a d i a t i o n ,  18  Cap t ine  (kap teyn)  squares (areas, s e c t i o n s )  w e r e  
selected a t  h i g h  g a l a c t i c  l a t i t u d e s  w i t h  b > 6 0 "  and 1 8  s q u a r e s  
(areas,  s e c t i o n s )  w i t h  b < l o o  [37 ] .  

Each s q u a r e  had a s i z e  of 12 .5  s q u a r e  deg rees  and c o n t a i n e d  
a l l  stars up t o  1 2 m . 0 .  Apparent ly ,  t h e  count  up t o  12m.5 w a s  
a l r e a d y  incomple te .  A l l  s t a r s  o f  spec t r a l  classes f r o m  BO t o  
G 9  w e r e  d i v i d e d  i n t o  8 groups .  For  each  group of stars,  w i t h i n  
t h e  i n t e r v a l  of s t e l l a r  magnitudes from (m + 1 / 2 )  t o  (m - 1 / 2 ) ,  
t h e  emis s ion  f l u x  a t  t h e  boundary o f  t h e  E a r t h ' s  a tmosphere w a s  
c a l c u l a t e d  n e a r  5400 

k I h ( l v ! )  = -0,/1inp6 - $,!LO, ( 9 )  

where fX i s  e x p r e s s e d  i n  e rg / cm2 . sec . i .  Th i s  r e l a t i o n  i s  v a l i d  
f o r  a wide range  of s p e c t r a l  c l a s s e s .  Then, u s i n g  t h e  scale of 
e f f e c t i v e  t e m p e r a t u r e s ,  a c o r r e c t i o n  w a s  i n t r o d u c e d  a l l o w i n g  t h e  
c a l c u l a t i o n  o f  f h  ( A  = 5560 8 ) .  References  [38,39]  give d a t a  on 
t h e  UV r a d i a t i o n  o f  b r i g h t  s tars  of e a r l y  s p e c t r a l  classes. These 
d a t a  w e r e  o b t a i n e d  w i t h  t h e  a i d  of r o c k e t  p h o t o m e t r i c  measurements 
w i t h  photon c o u n t e r s ,  analogous t o  t h o s e  used  i n o o u r  exper iment  
f o r  t h e  e f f e c t i v e  wavelenghts  A1314 & and A1370 A .  
references g i v e  t h e  r e l a t i o n s h i p  o f  f ( X e f f )  as a f u n c t i o n  of spec-  
t r a l  c lass  f o r  s t a r s  from 05 t o  AO. By adding  t o  t h e s e  d a t a  t h e  
v a l u e  f o r  t h e  s u n ,  w e  s h a l l  o b t a i n  a curve  from which t h e  f l u x  
n e a r  A1300 can be  found from t h e  s te l lar  magnitude and t h e  spec-  
t r a l  c lass  ( F i g u r e  6 ) . 0  T o  c a l c u l a t e  t h e  f l u x  of so l a r  UV radia- 
t i o n  i n  t h e  1225-1340 A band w e  used t h e  d a t a  g i v e n  i n  [40] .  
The folLowing emiss ion  l i n e s  l i e  i n  $ h i s  r e g i o n :  N V AA1238.8; 
1242.8 A;  S i  I1 hX1260.7 and 1265.0 A ,  t h e  tri l e t  0 I XX1302.2; 

The t o t a l  i n -  
t e n s i t  o f  t b e  l i n e s  i s  0 . 2  e rg /cm2.sec ,  which amounts t o  2 .10-3  
erg/cm'.sec.A, w h i l e  t h e  r a t i o  o f  fX (1300 A )  t o  f X  (5460 A )  i s  
e q u a l  t o  l o v 5 .  
t h e t i c a l  p s s i b i l i t y  of  anomalous UV emis s ion  f r o m  s t a r s  of l a t e  
s p e c t r a l  classes; however, t h e  absence i n  t h e  l ist  1391 of stars 
of s p e c t r a l  classes l a t e r  t h a n  A0 a p p a r e n t l y  e x c l u d e s  t h i s  possi-  
b i l i t y .  Indegd,  f o r  a s t a r  w i t h  mpg = O m ,  fA (5400) = 4.10'9 
erg/cm3.sec. A. According t o  d a t a  o f ,  [391 t h e  l i m i t  d e t e c t a b l e  
f l u x ,  i s  e q u a l  t o  e rg /cm2.sec .  A ,  which makes it p o s s i b l e  
t o  e x c l u d e  t h e  r e g i o n  where f h  ( 1 3 7 0 )  f h  (5560) > 2.5.10-2 for 
a l l  s p e c t r a l  classes l a t e r  than FO. W e  s h a l l  r e t u r n  once m o r e  
t o  t h i s  problem l a t e r  i n  t h i s  a r t i c l e .  

The above 

1304.7 and 1306.0 &; C I1 XX1334.5 and 1335.7 fi . 
I t  i s  t r u e  t h a t  t h e r e  remains t h e  p u r e l y  hypo- 

The i n t e n s i t y  of t h e  s t e l l a r  background can be o b t a i n e d  
by a d d i n g  up t h e  r a d i a t i o n  for  a l l  ranges o f  s t e l l a r  magni tudes  
and s p e c t r a l  classes. L e t  u s  now c o n s i d e r  t h e  ro le  of i n t e r -  
s t e l l a r  a b s o r p t i o n .  
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Fig .6 .  

R a t i o  o f  emis s ion  f l u x e s  as a f u n c t i o n  
of spectral  class f o r  A1300 and A5560 A. 

1. According t o  d a t a  i n  [381 f o r  s tars  0 ,  B ,  and A .  
0. Value o f  fh  (1300) / fh  (5560) c a l c u l a t e d  f o r  t h e  Sun 

2 .  
3 .  Upper l i m i t  of t h e  r a t i o n  fA (1300)/fh (5560) from 

f r o m  data  g iven  i n  [ 4 0 ] .  
A b s o l u t e l y  b l a c k  body a t  a t empera tu re  e q u a l  t o  Tef f  

measurements t a k e n  by AIS "Venera-3" f o r  h i g h  
g a l a c t i c  ( b  > 60" )  l a t i t u d e .  

- __- __ . 

Absorp t ion  on n e u t r a l  hydrogen i n  t h e  wings o f  t h e  L a - l i n e  
i s  de te rmined  a t  T = 100" K by a t t e n u a t i o n  f o r  A h  > 3 A ~ D ,  where 
A A D  i s  t h e  wid th  of  t h e  Doppler l i n e .  I n  t h i s  case t h e  op t ica l  
m a s s  i s  found by t h e  formula 

ne2 
4nm,c3( h - L) 7 = -  ~- f 2 p i d 2 p i S h 6 n H 1 .  (10) 

F o r  a r a y  of v i s i o n  p e r p e n d i c u l a r  t o  t h e  p l a g e  of  t h e  Galaxy, 
For  t h e  t h r e -  T = 0 . 1  fo r  A h  = 3 A ,  which cor responds  t o  A1219 A. 

s h o l d  r e s p o n s e  of  t h e  c o u n t e r  d e s c r i b e d  i n  S e c t i o n  1 of t h i s  a r t i c l e ,  
T = 0.01. 

Absorp t ion  by e l emen t s  w i th  an i o n i z a t i o n  p o t e n t i a l  lower t h a n  
1 0 . 2  ev  i s  i n s i g n i f i c a n t  f o r  t h e  abundance o f  such  e l emen t s  i s  s m a l l  
[ 4 1 ] .  Fo r  an i o n i z a t i o n  c r o s s - s e c t i o n  o f  6 . 1 0 - 1 8  c m 2  i n  t h e  direc- 
t i o n  of t h e  p o l e  o f  t h e  Galaxy T % 0 . 4  and a t o t a l  abundance o f  
lo'+, T 'L 0 . 4  i n  t h e  d i r e c t i o n  o f  t h e  p o l e  o f  t h e  ga l axy .  The 
i n t e r s t e l l a r  d u s t  p l a y s  a b a s i c  r o l e  i n  t h e  a b s o r p t i o n .  For  t h e  
a b s o r p t i o n  on d u s t  i n  t h e  v i s i b l e  s p e c t r a l  r e g i o n  w e  s h a l l  assume 
t h a t  t h e  a b s o r p t i o n  i n  t h e  g a l a c t i c  p l a n e  f o r  b < l o " ,  
p e r  kpc .  and d u r i n g  o b s e r v a t i o n  a t  t h e  p o l e  o f  t h e  Galaxy t e 
a b s o r p t i o n  i n  t h e  pho tograph ic  s p e c t r a l  r e g i o n  i s  Ampg = Om.30. 

is ARg = 2 m - 0  
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For  t h e  t r a n s i t i o n  t o  t h e  A1300 8 wavelength r e g i o n ,  w e  s h a l l  
assume, a c c o r d i n g  t o  1 4 2 1 ,  t h a t  t h e  a b s o r p t i o n  i s  e q u a l  t o  5m.5 
kpc-l  i n  t h e  ga l ac t i c  p l a n e  and Om.80 d u r i n g  o b s e r v a t i o n s  a t  t h e  
p o l e  of t h e  Galaxy. The l a t t e r  v a l u e  g i v e s  a two-fold a t t e n u a t i o n  
of t h e  f l u x ,  f ac t  t h a t  was taken  i n t o  c o n s i d e r a t i o n  when c a l c u l a -  
t i n g  t h e  upper  boundary o f  background i n t e n s i t y .  

A s  a r e s u l t  of a b s o r p t i o n  i n  t h e  ga l ac t i c  p l a n e ,  s t a r s  w i t h  
h i g h  v a l u e s  of mpg i n  t h e  UV r eg ion  become i n v i s i b l e  s t a r t i n g  a t  
d i s t a n c e s  o f  approximate ly  1-2 kpc. The d a t a  used f o r  t h e  accoun- 
t i n g  of t h e  a b s o r p t i o n  are compiled i n  Table  2 .  

~ ~ 

Spectral class 
A0 FO 

r, 05 A m  1 Ig IolI l T p c + i T , m c  1 A r n I l g I 0  1 I b - p  I A m  j l y I n : I  

1,6.109 8,s 3,53 0.7.108 3,8 1 , 5 2  1,2.10*O,fX 0,2(; 40 0 , 2 2  0,OO 
2.5 13,8 5.53 1,l F,O 2,40 1 , 9  1 , N  0,42 63 0,35 0.14 
4,0 22 8,80 1,7 9,4 3,76 3 , O  1,G5 0,W 103 0,55 0.22 
R,3 35 1 4  2,s 15,4 6 , l G  4,8 2,63 1,05 l , R . l O 3  0,88 0,35 

I I 

10 55 22 4,4 24,2 9,70 7 , 6  4,17 l , f 8  2.5.102 1,38 0,55 
88 35 G,9 38,O 15,20 12 6,GO 2,F4 4,0*102 2,20 0,88 16 

---_ __ __ 

TABLE 2 

S i n c e  stars of e a r l i e r  s p e c t r a l  classes have a smaller  
a b s o l u t e  s t e l l a r  magnitude,  t hey  are observed  from g r e a t e r  d i s -  
tances a t  a f i x e d  v i s i b l e  s t e l l a r  magni tude.  An examinat ion  
of t h e  d a t a  g i v e n  i n  Table  2 shows t h a t  t h e  r a d i a t i o n  of stars 
o f  s p e c t r a l  classes 0 5 ,  BO,  A0 and FO i s ,  on t h e  a v e r a g e ,  a t te -  
n u a t e d  100 t i m e s  f o r  v i s i b l e  s t e l l a r  magnitudes of r e s p e c t i v e l y  
5m, 6m.7, 10m.5 and 13m.5. S i n c e  w e  observe stars o n l y  from 
d i s t a n c e s  c l o s e r  t h a n  1 kpc ,  t h i s  f a c t  de t e rmines  t h e  c o n t r i b u -  
t i o n  t o  t h e  s k y  background made by stars o f  d i f f e r e n t  s p e c t r a l  
classes. F igu re  7 shows t h e  i n t e g r a l  dependence o f  sky  b r i g h t -  
n e s s  i n  o r b i t r a r y  u n i t s  as a f u n c t i o n  of v i s i b l e  s t e l l a r  magni- 
t u d e  for  t h e  UV and t h e  v i s i b l e  r e g i o n  of t h e  spectrum. The 
f a c t  t h a t  t h e  sky  background i s  de termined  by stars b r i g h t e r  t h a n  
7-8m c a u s e s  s t r o n g  background f l u c t u a t i o n s  when t h e  f i e l d  of 
v i s i o n  i s  s u f f i c i e n t l y  s m a l l .  

Table  3 l i s t s  t h e  number of s tars  of e a r l y  s p e c t r a l  classes 
p e r  s q u a r e  deg ree  f o r  h i g h  g a l a c t i c  l a t i t u d e s .  

F o r  r e g i o n s  close t o  t h e  p l ane  of t h e  Galaxy t h e  number of 
stars p e r  s q u a r e  deg ree  i s ,  n a t u r a l l y ,  g rea te r ,  e s p e c i a l l y  f o r  
e a r l y  s p e c t r a l  classes;  however, t h i s  number i s  g r e a t l y  compen- 
sated by t h e  e f f e c t  of i n t e r s t e l l a r  a b s o r p t i o n .  On t h e  average, 
f o r  t h e  s q u a r e s  (areas) s e l e c t e d ,  t h e  s t e l l a r  background i s  
equa l  t o  w/m2.hz.s terad.  A t  t h e  same t i m e ,  f o r  h igh  galac- 



Fig .7 .  

B r i g h t n e s s  of t h e  sky i n  a r b i t r a r y  
u n i t s  as a f u n c t i o n  of  v i s i b l e  s t e l l a r  magnitude. 

1) .  
2 ) .  For A1300 A w i t h o u t  c o n s i d e r a t i o n  o f  a b s o r p t i o n  by i n t e r -  

3 ) .  Taking i n t o  accoun t  t h e  a b s o r p t i o n .  

I n  t h e  v i s i b l e  r e g i o n  of t h e  spectrum. 

s t e l l a r  d u s t :  

I- 

t i c  l a t i t u d e s ,  9 9 %  o f  t h e  background i s  de termined  by % l o 3  
s tars p e r  s t e r a d i a n  o f  s p e c t r a l  classes ear l ier  t h a n  F5 and of 
v i s i b l e  s t e l l a r  magni tudes b r i g h t e r  t h a n  9m. By s e l e c t i n g  a 
f i e l d  o f  v i s i o n  of t h e  i n s t r u m e n t s  s m a l l e r  t h a n  1 s q u a r e  d e g r e e ,  
t h e  background can be  lowered t o  3 .10-27 w/m2.hz.sterad. A t  t h e  
same t i m e ,  t h e  t i m e  c o n s t a n t  of t h e  i n s t r u m e n t  and t h e  scann ing  
ra te  must e n s u r e  t h e  r e c o r d i n g  of  a s o l i t a r y  s t a r  b r i g h t e r  t han  
gm. One s t a r  o f  s p e c t r a l  class AO, and 1 0 m  s t e l l a r  magnitudes 
which happens t o  be w i t h i n  t h e  f i e l d  of v i s i o n  o f  t h e  i n s t r u m e n t ,  
co r re sponds  t o  a background of 1.3.  w/m2 .hz .  s t e r a d  ( p r e c i s e l y  
such  a s i t u a t i o n  can be  expec ted  t o  occur  d u r i n g  t h e  overwhelming 
t i m e  o f  o p e r a t i o n  o f  i n s t r u m e n t s  w i t h  a 1 sq. degree  v i s u a l  f i e l d ) .  
I f ,  on t h e  o t h e r  hand,  t h e  f i e l d  of  v i s i o n  i s  reduced t o  OO.3 X OO.3, 
t h e n  t h e  p r o b a b i l i t y  of t h e  p re sence  of a s t a r  o f  s p e c t r a l  class 
ear l ier  than  F5 becomes % 1 /2  up t o  13-14m. A t  h igh  g a l a c t i c  
l a t i t u d e s ,  t h e  number of  s t a r s  of e a r l y  s p e c t r a l  c l a s s e s  and weaker 
t h a n  13-14m i s  ex t r eme ly  s m a l l .  

Table  3 .  

S p e c t r a l  C l a s s  

0 ,OD 0,no 
2, '33 

12 0 , l S  0,2R 7,20 
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I- 

The above-mentioncd val.c;e of t h e  background of ,% 1 0  - ? ?  - io - ?  
w/m'.hz.sterad i s  a v e r y  o p t i m i s t i c  one and p e r m i t s  t o  hope t h a t  
s u b s t a n t i a l  p r o g r e s s  w i l l  be made i n  improving t h e  i n s t r u m e n t a t i o n .  
I n t e g r a l  measurements make it p o s s i b l e  t o  estimate t h e  maximum 
p o s s i b l e  c o n t r i b u t i o n  on t h e  p a r t  of classes la te r  t h a n  AO, which 
w e r e  n o t  recorded i n  [38,391. 
t h e  r a t i o  f ,  (1300 A)/fx (5560 A ) ,  s t a r t i n g  f r o m  t h e  r e s u l t s  of 
t h e  estimate of  t h e  upper  boundary of t h e  UV background made i n  
S e c t i o n  1 of t h i s  a r t i c l e .  

F i g u r e  6 shows t h e  upper  l i m i t  of 

5. I S O T R O P I C  UV BACKGROUND. 

a ) .  Background from E x t r a g a l a c t i c  Nebulae. Data on t h e  
background of t h e  sky i n  t h e  v i s ib l e  r e g i o n  of t h e  spectrum f r o m  
e x t r a g a l a c t i c  nebu lae ,  g iven  i n  1431, show t h a t  t h i s  background 
i s  lesser by t w o  o r d e r s  t h a n  t h e  s t e l l a r  background of o u r  Galaxy 
and i s  e q u a l  t o  0 .5  of a lorn s t a r  f r o m  a s q u a r e  degree .  L e t  us  
es t imate  t h e  c o n t r i b u t i o n  made by e x t r a g a l a c t i c  nebu lae  t o  t h e  
UV r e g i o n  (A1300 & l o o f  t h e  spectrum. 
wavelength A < 9 1 2  A i s  rep rocessed  on i n t e r s t e l l a r  hydrogen and 
c o n v e r t e d  i n t o  q u a n t a  of t h e  La- l ine ,  which i n  t h e i r  t u r n  ' ' per i sh"  
when absorbed  by i n t e r s t e l l a r  d u s t .  For  a great  o p t i c a l  t h i c k n e s s  
t h e  a t t e n u a t i o n  i s  approximate ly  de te rmined  by t h e  f a c t o r  exp - { W A ) T I  
where (1 - A )  i s  t h e  a l b e d o  of a s i n g l e  s c a t t e r i n g  act  T is t h e  
o p t i c a l  t h i c k n e s s  o f  resonance  s c a t t e r i n g  of hydrogen; fo r  t h e  
Galaxy w e  have (1 - A )  % and t h e  r a d i a t i o n  i s  g r e a t l y  a t te -  
n u a t e d  when T > l o 4 ,  which cor responds  a t  t h e  c e n t e r  of t h e  l i n e  
t o  a d i s t a n c e  r < 0 .1  nc.  

A l l  of  t h e  r a d i a t i o n  of 

The o p t i c a l  t h i c k n e s s  of  our Galaxy i n  a d i r e c t i o n  perpendicu-  
l a r  t o  i t s  p l a n e  i s  g r e a t e r  than 4.108. I t  i s  obvious  t h a t  t h e  
l i n e  w i l l  be a t t e n u a t e d  hundreds of t i m e s  A t  t h e  same t i m e ,  t h e  
s t e l l a r  r a d i a t i o n  i n  t h e  rggion  X < 912 does n o t  exceed t h e  ra- 
d i a t i o n  i n  t h e  X1225-1340 A band (Note) .  Th i s  i s  why, f u r t h e r  i n  
t h i s  a r t i c l e  w e  s h a l l  n o t  t a k e  i n t o  accoun t  t h e  emis s ion  i n  t h e  
L a - l i n e ,  t o  which,  by t h e  way, only  g a l a x i e s  w i t h  z < 0 . 1  c o n t r i -  
b u t e .  The r a d i a t i o n  of stars i n  t h e  wavelength range  of 1100 
t o  912 A i s  absorbed  by i n t e r s t e l l a r  carbon of which t h e  i o n i z a t i o n  
p o t e n t i a l  i s  e q u a l  t o  1 1 . 2 6 4  ev w h i l e  i t s  abundance is 3.7.10-4 
as compared t o  hydrogen. T h e  o p t i c a l  t h i c k n e s s  f o r  carbon atoms 
i n  o u r  Galaxy i s  abou t  2 . 5  i n  t h e  d i r e c t i o n  of t h e  g a l a c t i c  p o l e .  
S i n c e ,  as a r u l e ,  h o t  stars are found i n  r e g i o n s  where i n t e r s t e l l a r  
g a s  accumula t e s ,  w e  can a s s u m e  t h a t  r a d i a t i o n  for  c 1100 is  
a t t e n u a t e d  by a t  l eas t  10 t i m e s .  ( I n  t h o s e  g a l a x i e s  where l i t t l e  
gas i s  found t h e r e  are ,  as  a r u l e ,  no  h o t  s tars e i t h e r ;  i n  a d d i t i o n ,  

N o t e .  This  f a c t  i s  confirmed by o b s e r v a t i o n s  of emis s ion  i n  t h e  
H,-line f r o m  o t h e r  g a l a x i e s .  
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h o t  stars are c o n c e n t r a t e d  i n  t h e  p l a n e  o f  g a l a x i e s ,  i n  s p i r a l  a r m s ) .  
Absorp t ion  on i n t e r s t e l l a r  d u s t  f u r t h e r  r e d u c e s  t h e  f l u x  two-fold.  

- 

11 .u ' 

Si' 

J'p; 

Ts,"1i 

The ave raged  s t e l l a r  r a d i a t i o n  i s  s h a r p l y  reduced  f o r  wave- 
l e n g t h s  s h o r t e r  t h a n  A l l 0 0  A ,  and t h i s  f a c t ,  combined w i t h  what 
h a s  been sa id  above,  makes it p o s s i b l e  t o  a l so  d i s r e g a r d  t h i s  
s p e c t r a l  r ange  (which cor responds  t o  t h e  band 0 . 1 4  < z < 0 . 4 7  i n  
case of e m i s s i o n  r e g i s t r a t i o n  i n  t h e  1225-1340 a band. 
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$et us  now p a s s  t o  t h e  examinat ion  o f  t h e  wavelength XX1100- 
1340 A. A r e p e t i t i o n  of t h e  c a l c u l a t i o n s  o f  t h e  t o t a l  s t e l l a r  
r a d i a t i o n ,  performed by L a m b r e c h t  and Zimmerman i n  1954 [ 4 4 ] ,  
w h i l e  t a k i n g  i n t o  accoun t  e x p e r i m e n t a l  d a t a  on thG r a d i a t i o n  f l u x  
of s tars  o f  d i f f e r e n t  s p e c t r a l  c l a s s e s  a t  AX1314 A (see F i g . 6 ) ,  
h a s  shown t h a t  it does n o t  exceed 2 . 4  i n s t e a d  o f  5.9 i n  [44] even 
f o r  low g a l a c t i c  l a t i t u d e s  fX ( 1 3 0 0 ) / f ~  (5560) .  T h i s  i s  l i n k e d  
w i t h  t h e  f a c t  t h a t  t h e  f l u x  from h o t  s t a r s  o f  s p e c t r a l  classes 
0 and B ,  measured i n  t h e  UV r e g i o n ,  i s  c o n s i d e r a b l y  lesser t h a n  
t h a t  o b t a i n e d  by c a l c u l a t i o n s  u s i n g  t h e  adopted  e f f e c t i v e  tempera- 
t u r e s .  A r a t i o  o f  f ,  (1300) / f ,  (5560) % 0.5 w a s  adopted  i n  [44] 
f o r  h i g h  g a l a c t i c  l a t i t u d e s .  S ince  t h e  i n t e g r a l  s p e c t r a  o f  g a l a x i e s  
have been  s t u d i e d  up t o  AX3300 A ,  t h e  upper  l i m i t  o f  t h e  unknown 
q u a n t i t y  f ,  (1300) can be o b t a i n e d  on t h e  b a s i s  of  t h e  measured 
v a l u e s  o f  fh (3300) f o r  g a l a x i e s  o f  d i f f e r e n t  t y p e s  and on t h e  b a s i s  
o f  t h e  maximum p o s s i b l e  r a t i o  f ,  ( 1 3 0 0 ) / f X  (3300) t a k e n  f o r  low 
g a l a c t i c  l a t i t u d e s .  The scale of color t e m p e r a t u r e s  f o r  stars i n  
t h e  r e g i o n  hX3300-5560 agrees s u f f i c i e n t l y  w e l l y  w e l l  w i t h  t h e  
s p e c t r a ,  and fX ( 3 3 0 0 ) / f X  (5560) can  be e a s i l y  c a l c u l a t e d .  T o  sum- 
m a r i z e ,  t h e  maximum p o s s i b l e  r a t i o  fX ( 1 3 0 0 ) / f X  (3300) i s  e q u a l  t o  
1.35;  f ,  (13OO)/f, (3300) = 1.35 (1300/3300)2 = 0.2 .  I n  t h e s e  cal- 
c u l a t i o n s  w e  used  t h e  luminos i ty  f u n c t i o n  of s ta rs  i n  t h e  v i c i n i t y  
of  t h e  Sun; t h i s  f u n c t i o n  i s  c l e a r l y  o v e r r a t e d  i n  t h e  r e g i o n  of 
s tars  of e a r l y  s p e c t r a l  classes as a r e s u l t  o f  t h e  p o s i t i o n  o f  t h e  
Sun i n  t h e  g a l a c t i c  p l a n e .  

T o  c a l c u l a t e  t h e  magnitude o f  f ,  (1300) t h e  f o l l o w i n g  d a t a  
g iven  i n  Tab le  4 w e r e  used: t h e  p e r c e n t a g e  of t h e  t o t a l  number of  
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g a l a x i e s ,  t h e  i n t e g r a l  s p e c t r a l  class,  t h e  mean a b s o l u t e  s t e l l a r  
magnitude,  t h e  color t empera tu re ,  and ,he ra t io  f ,  (3300)/f ,  (556 
We f i n a l l y  o b t a i n  f o r  t h e  m a x i m u m  p o s s i b l e  r a t i o  f ,  (1300) /f,  
(5560) = 6 .6 .10 -2 .  For A < 1300 A ,  t h e  r a t i o  of t h e  f l u x  i n  
t h e  UV r e g i o n  t o  t h a t  a t  A5560 d r o p s  s h a r p l y  as a r e s u l t  of b o t h  
t h e  reduced  number of h o t t e r  s t a r s  and t h e  r e l a t i v e  lower ing  i n  t h e  
W r e g i o n  of t h e  effective tempera ture  of stars of s p e c t r a l  classes 
0 and B (see F i g . 6 ) .  Even i f  w e  assume t h a  f ,  (1100  < A < 1300)  = 
= c o n s t ,  t h e  background from g a l a x i e s  i n  t h e  UV r e g i o n  XX1225-1340 8, 
w i l l  be less t h a n  6.6.10 2.10-i!3 abw/m2.hz.s terad,  where F, (5560) = 
= w/m2.hz.s terad [431, a = 1 / 4  and c h a r a c t e r i z e s  t h e  absorp-  
t i o n  on d u s t  i n  o u r  Galaxy and i n  r a d i a t i n g  ga laxy  b < 1/3 i s  a 
c o e f f i c i e n t  which t a k e s  i n t o  account  t h a t  a t  5560 
a t  l eas t  up t o  z = 0.46, whereas i n  t h e  range  1225-1340 a full 
c o n t r i b u t i o n  i s  made o n l y  by g a l a x i e s  w i t h  z < 0.13 and a p a r t i a l  
c o n t r i b u t i o n  by g a l a x i e s  w i t h  z < 0.22.  Hence, i n  t h e  r a n  e examined 
h e r e  w e  s h a l l  o b t a i n  f o r  f, an o v e r r a t e d  estimate of 5.10-q6 w/m2.hz. 
s terad.  Obviously,  a more c a r e f u l  a n a l y s i s ,  t a k i n g  i n t o  accoun t  t h e  
ava lanche  i n  t h e  i n t e g r a l  s p e c t r a  o f  g a l a x i e s  when A <1300 and t h e  
f a c t  t h a t  t h e  v a l u e  o f  f ,  (1300)/f ,  (3300) f o r  t h e  g a l a x i e s  i s  much 
smaller t h a n  t h e  one assumed by u s ,  w i l l  make i t  p o s s i b l e  t o  c o n s i -  
d e r a b l y  lower t h e  estimate ob ta ined  above ( a t  l eas t  down t o  10 2 7  
w/m2 . h z . s t e r a d )  . 

g a l a x i e s  r a d i a t e  

b ) .  Luminescence o f  t h e  I n t e r p l a n e t a r y  Medium. S o l a r  r a d i a -  
t i o n  i n  t h e  UV s p e c t r a l  r e g i o n  may be t h e  cause  of  format ion  of a 
p r a c t i c a l l y  i s o t r o p i c  background as a r e s u l t  o f  resonance  s c a t t e r i n g  
on t h e  i o n s  and atoms o f  t h e  i n t e r p l a n e t a r y  medium. Tab le  5 l i s ts  
t h e  s t r o n g e s t  l i n e s  i n  t h e  spectral  r e g i o n  of i n t e r e s t  t o  u s .  

Table 5.  

The con t inuous  background i n  t h i s  s p e c t r a l  r ange  is 21 3.10-'+ e r g /  
c m 2 . s e c . A .  A l l  t h e  l i n e s  shown i n  t h e  t ab le  are formed i n  t h e  
chromosphere o r  i n  t h e  t r a n s i t i o n  r e g i o n .  S i n c e  t h e  i n t e r p l a n e t a r y  
medium c o n s i s t s  of m a t t e r  e j e c t e d  from t h e  so l a r  corona ,  t h e i r  che- 
m i c a l  and i o n i z a t i o n  composi t ions must be i d e n t i c a l .  For a tempe- 
r a t u r e  of t h e  so l a r  corona  of (1 - 2 ) . 1 0 6 d e g .  K ,  S i  11, C 11, and 
0 I i o n s  w i l l  be comple te ly  absen t .  Even t h e  c o n c e n t r a t i o n  of t h e  
N V i o n  does n o t  exceed  of t h e  t o t a l  n i t r o g e n  c o n c e n t r a t i o n  
[451. The recombina t ion  i n  t h e  so l a r  wind when moving from t h e  
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. 

Sun towards t h e  E a r t h  cannot  s u b s t a n t i a l l y  i n c r e a s e  t h i s  estimate. 
Indeed  

where n i  i s  t h e  c o n c e n t r a t i o n  of t h e  i - t h  i o n ,  a t  i s  t h e  recombi- 
n a t i o n  c o e f f i c i e n t ,  R, i s  t h e  a s t ronomica l  u n i t ,  and v i s  t h e  
so l a r  wind v e l o c i t y .  

Assuming t h a t  a t  % 3.10-13cm3/sec, ne 'L 1 0  ~ m - ~ ,  and v % 4.107 
cm/sec, w e  f i n d  t h a t  t h e  role of recombina t ion  i s  n e g l i g i b l y  s m a l l .  
L e t  us  f i n d  t h e  f l u x  of q u a n t a  reradiated i n  t h e  N V l i n e s ,  

where F ( R )  i s  t h e  f l u x  i n  l i n e s  a t  t h e  d i s t a n c e  R;  n i  i s  t h e  d e n s i t y  
o f  N V i o n s  i n  t h e  s o l a r  wind: u,, i s  t h e  c r o s s - s e c t i o n  of r e s o n a n t  
s c a t t e r i n g ;  k, i s  a f a c t o r  t a k i n g  i n t o  a c c o u n t  t h e  d r i f t  of t h e  
l i n e  i n t o  t h e  wing caused  by t h e  motion of  i o n s  i n  t h e  solar  wind. 
Formula ( 1 2 )  w i l l  t h e n  t a k e  t h e  form: 

The wid th  of t h e  chromospheric l i n e s  AAchy does  n o t  exceed  
Hence i t  i s  c lear  t h a t  t h e  0 . 1  A ,  and t h e  s h i f t  i s  A h  % 1 . 5  A .  

factor k, % For t h e  N V l i n e s  I < e rg /cm2 . sec . s t e rad .  

S i n c e  t h e  i o n s  abso rb  t h e  r a d i a t i o n  o n l y  i n  t h e  d i s t a n t  wings 
of l i n e s  ( A A  > 15AhD), i t  i s  necessa ry  t o  t a k e  i n t o  accoun t  t h e  
r e r a d i a t i o n  i n  t h e  con t inuous  spectrum, t h e  i n t e n s i t y  o f  which i s  
@ = 3.10  '' erg/cm2.sec.&.  

F o r  t h e  n i t r o g e n  l i n e  A A D  % 2 and I % 4 . l O - l 5  erg/cm2.sec.  
s t e r a d .  The ava i lab le  reserve of  % l o 7  t i m e s  show t h a t  a back- 
ground of  i n t e r p l a n e t a r y  o r i g i n  does n o t  l i m i t  t h e  exper iment1  
p o s s i b i l i t e s  (Note)  

Note. I t  i s  gbvious  t h a t  t h e  i n t e n s i t y  of  z o d i a c a l  l i g h t  i n  t h e  
A1300 A r e g i o n  does n o t  exceed w/m'.hz.sterad. 
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c ) .  Rad ia t ion  of t h e  I n t e r q a i a c t i c  Medium i n  t h e  

e lements  i n  p r imary ,  p r e s t e l l a r  mat ter .  
These e l emen t s  c o u l d  have appeared as a r e s u l t  of e j e c t i o n  from 
ga lax ie s .  The q u a n t i t y  of heavy e l emen t s  can be e s t i m a t e d  on t h e  
basis  of d a t a  on t h e  e x p l o s i o n  i n  a l a x y  M 8 2  (NGC 3 0 3 4 ) ,  where 

e j e c t i o n  v e l o c i t y  i s  2, 1 0 0 0  km/ret- 1 4 6 1 .  
of t h e  i n t e r g a l a c t i c  medium, 1 /30  of a l l  mat te r  i s  c o n c e n t r a t e d  
i n  t h e  g l a x i e s .  Assuming t h a t  each g a l a x y  e jects  t h e  same mass 
as does  M 8 2  w e  arr ive a t  t h e  conc lus ion  t h a t  t h e  c o n t e n t  of heavy 
e l emen t s  i n  t h e  i n t e r g a l a c t i c  medium w i l l  be  2, l o 6  t i m e s  less t h a n  
i n  t h e  g a l a x i e s ,  t h a t  i s ,  2, 2 . 1 0  ( acco rd ing  t o  t h e  number of 
atoms).  
e l emen t s  it is  n e c e s s a r y  t o  ensu re  e x p l o s i o n s  i n  g a l a x i e s  eve ry  
l o 4  y e a r s ,  which c l e a r l y  c o n t r a d i c t s  t h e  d a t a  o b t a i n e d  f r o m  obser- 
v a t i o n s .  

t h e  e j e c t i o n  mass i s  2, t o  10- 4 of t h e  ga l axy  mass and t h e  
A t  t h e  c r i t i c a l  d e n s i t y  

Obviously,  i n  o r d e r  t o  o b t a i n  an e q u a l  c o n t e n t  i n  heavy 

I t  i s  p o s s i b l e  t o  assume t h a t  t h e  en r i chmen t  of t h e  i n t e r -  
g a l a c t i c  medium w i t h  heavy elements  took p l a c e  d u r i n g  e x p l o s i o n s  
( b u r s t s )  of p a r e n t  ( a n c e s t o r )  s tars [ 4 7 1  : however, o b s e r v a t i o n s  
of a b s o r p t i o n  i n  q u a s a r  s p e c t r a  [ 3 1 - 3 3 1  show t h a t  t h e  abundance 
of heavy e lements  i n  t h e  i n t e r g a l a c t i c  medium does n o t  exceed 
10 t o  of t h e i r  c o n t e n t  i n  o u r  own Galaxy. Such an abun- 
dance of heavy e l emen t s  canno t  ensu re  t h e  upper  l i m i t  o f  t h e  UV 
r a d i a t i o n  background a t  a l l  permissible t empera tu re  v a l u e s .  A 
f u r t h e r  i n c r e a s e  i n  t h e  s i n s i t i v i t y  of t h e  i n s t r u m e n t s  w i l l  a l l o w  
t h e  lower ing  o f  t h i s  estimate a l s o .  

6 .  METAGALACTIC COSMIC RAYS. 

The d i s c o v e r y  o f  P l a n c k ' s  r e l i c t  r a d i a t i o n  h a s  made it p o s s i -  
b l e  t o  o b t a i n  a c o n s i d e r a b l e  amount of i n f o r m a t i o n  on metagalactic 
cosmic r a y s  [ 4 8 ] ,  b u t  t h i s  concerns main ly  t h e  e l e c t i o n  component 
on which t h e  i n v e r s e  Compton e f f e c t  i s  r e s p o n s i b l e  f o r  t h e  X-ray 
background.  A s  a r e s u l t  of Compton losses, t h e  e l e c t r o n s  r a p i d l y  
lose t h e i r  energy .  

The emiss ion  of e n e r g e t i c  quan ta  by cosmic r a y s  (by t h e  p r o t o n  
component) t a k e s  p l a c e  on ly  d u r i n g  i n t e r a c t i o n  w i t h  i n t e r g a l a c t i c  
g a s .  But  i f  t h e  t empera tu re  of t h e  gas i s  h i g h ,  i t s  p r o p e r  r a d i a -  
t i o n  i s  c o n s i d e r a b l y  greater than t h e  X-ray r a d i a t i o n  d u r i n g  scat-  
t e r i n g  of cosmic p r o t o n s  on e l e c t r o n s  of t h e  i n t e r g a l a c t i c  medium 
and a l so  g r e a t e r  t h a n  t h e  UV r a d i a t i o n  a r i s i n g  as a r e s u l t  of ion i -  
z a t i o n  l o s s e s .  

A s t u d y  of t h e  p r o p e r t i e s  of i n t e r g a l a c t i c  g a s  w i l l  make it 
p o s s i b l e  t o  a l s o  l e a r n  a grea t  d e a l  abou t  cosmic r a y s .  By knowing 
t h e  t h e r m a l  h i s t o r y  of t h e  g a s  we can de te rmine  t h e  upper  l i m i t  of 
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.- 

t h e  ene rgy  d e n s i t y  of n o n r e l a t i v i s t i c  cosmic r a y s  ( t h e  h e a t i n g  
by r e l a t i v i s t i c  cosmic r a y s  i s  n e g l i g i b l y  s m a l l ) .  
t h e r e  i s  a b a s i c  p o s s i b i l i t y  (knowing t h e  t h e r m a l  h i s t o r y  of 
t h e  g a s  and ,  t h e r e f o r e ,  a l s o  t h e  v a r i a t i o n  i n  t h e  energy  l i b e -  
r a t i o n  o f  r e l i c t  cosmic r a y s  du r ing  t h e  expans ion  of  t h e  Un ive r se )  
of c l a r i f y i n g  t h e  problem concern ing  t h e  t i m e  a t  which metaga lac-  
t i c  cosmic r a y s  o r i g i n a t e d  and o b t a i n i n g  some i n f o r m a t i o n  on t h e i r  
spec t rum . 

I n  a d d i t i o n ,  

C O N C L U S I O N  

The above a n a l y s i s  shows t h a t  t h e  p r o s p e c t s  of an e x p e r i -  
men ta l  i n v e s t i g a t i o n  of t h e  i n t e r g a l a c t i c  m e d i u m  are q u i t e  en- 
courag ing .  
of o b s e r v a t i o n s  of t h e  i s o t r o p i c  m e t a g a l a c t i c  background. Com- 
b i n e d  UV, X-ray and r a d i o a s t r o n o m i c a l  measurements w i l l  make it 
p o s s i b l e  t o  o b t a i n  t h e  b a s i c  parameters  of t h e  i n t e r g a l a c t i c  
medium, and consequen t ly ,  t o  make an estimate of  t h e  ave rage  
d e n s i t y  of  matter i n  t h e  Universe.  Very i m p o r t a n t  a l so  are 
t h e o r e t i c a l  c a l c u l a t i o n s  of t h e  c o o l i n g  p r o c e s s  of t h e  i n t e r -  
g a l a c t i c  medium, estimates of  t h e  h e a t i n g  by v a r i o u s  s o u r c e s  and 
t h e  e v o l u t i o n  of  t h i s  h e a t i n g  p rocess .  Some i n f o r m a t i o n  can be  
o b t a i n e d  from t h e  a n a l y s i s  o f  s t a t i s t i c a l  c o u n t s  of  r a d i o  s o u r c e s .  

A l l  t h e  methods examined are based  on an a n a l y s i s  

A s u c c e s s f u l  s o l u t i o n  of  such a d i f f i c u l t  problem can be 
o b t a i n e d  on ly  as a r e s u l t  of a complex s t u d y  o f  t h e  background 
i n  d i f f e r e n t  r anges  e x t e n d i n g  from t h e  X-ray t o  t h e  r a d i o  f r e -  
quency bands.  Also i m p o r t a n t  a r e  s t e l l a r  and a s t r o n o m i c a l  cal- 
c u l a t i o n s  carr ied o u t  up t o  12-15m a t  h igh  g a l a c t i c  l a t i t u d e s ,  
and i n v e s t i g a t i o n s  of l i g h t - b l u e  g a l a x i e s  from a s t a t i s t i c a l  
s t a n d p o i n t .  A s  a r e s u l t  o f  t h e  p r o g r e s s  a c h i e v e d  i n  t h e  f i e l d  
of e x t r a a t m o s p h e r i c  as t ronomy,  w e  may hope t h a t  t e l e s c o p e s  w i t h  
a d i a m e t e r  of about  1 m ,  p l a c e d  beyond t h e  l i m i t s  of  t h e  E a r t h ' s  
a tmosphere ,  w i l l  make t h e i r  appearance i n  t h e  n e x t  few y e a r s .  
O b s e r v a t i o n s  c a r r i e d  o u t  w i t h  such t e l e s c o p e s  may comple te ly  
c l a r i f y  t h e  problem of  t h e  gas  p r e s e n t  i n  t h e  i n t e r g a l a c t i c  
medium. 

The a u t h o r s  are g r a t e f u l  t o  Y a .  B .  Ze l ' dov ich  f o r  h i s  
c o n s t a n t  i n t e r e s t  i n  t h e i r  work  and f o r  a number of v a l u a b l e  
r e m a r k s ,  and a l so  t o  t h e  m e m b e r s  of t h e  Four th  W i n t e r  Course 
on Cosmogony i n  Bakur i an i  i n  1 9 6 7  f o r  t h e i r  u s e f u l  d i s c u s s i o n .  

* * * 
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A P P E N D I X  

RADIATION OF INTERGALACTIC GAS 

I,ct us denote by iv the  spec t ra l  luminosity of a un i t  of volume. 
Then d F -  ' t n iddv  is the  density of  t h e  energy radiated during the time 
d t  i n  the  frequency band dv. I h r i n g  the  expansion of the  Universe the  
dens i ty  of radiat ion energy var ies  proportionally t o  (1 + z ) 4  ( the number 
of quanta i n  a un i t  of volume var ies  as (1 + z)3 and the energy of the 
quantum a s  (1  + z ) , i . e .  d F o = d F / ( I + z ) ' ,  dFo being the  densi ty  of the energy 
rad ia ted  a t  z and regis tered a t  z = 0 .  Since d v  = d v o ( l  + z ) i d  - 

- 1 1 

Ho ( I  + z ) * ( l +  Qr)'/* ' 
- -_  dt 

dz 
- _  

we obta in  

whence 

where v' = vO( l  + z ) .  

a.-  
Trans i t ions .  
case of Maxwellian d i s t r ibu t ion  of  e lectrons with temperature T (*) and 
ions with a charge Z and densi ty  
f onnu 1 a 

Finission i n  the Continuous Spectrum i n  the  Case of Free-Free 
The spec t r a l  luminosity during f r ee - f r ee  t r ans i t i ons  i n  the 

and nz respect ively,  is given by the 

where g(",T) is the Gaunt's f a c t o r  [49, SO] 

(*) Iksp i t c  the  low densi ty  of i n t e rga lac t i c  gas, a Maxwellian d i s -  
t r i b u t i o n  of e lectrons takes place in  it. 
c o l l i s i o n s  'I~ - i / a n , V  2.10':sec (where u -10-10 CAZ is the in te rac t ion  cross-  

Indeed: the average time between 

. . . /next page. . 



For helium-hydrogen plasma nlIe/nH + 0.1,  we obtain 

j y  = G , 4 4 0 - ~ ~ g  (v,  T) T-'h exp (-hv I kl') ner erg/cm 3 sec - s ter . hz (IX.2) 

When 'r < 8 el04 O K ,  helium is singly ionized and 

j v  = 5,44.10-3sg(v, T ) Z - %  cxp(-hv  / kT)ne2  erg/cm3 sec ster hz 

(the g(u,T)-factor was taken equal to the unity in all estimates). Since 

n(2)  - n(0) ( I  + z ) S ,  v = vo(i  + I ) ,  T = T ( I ) ,  

m a .  

- - hvo(1 + z) ( 1  + z ) d z  I (vo )  = 6,4. 2 no2 5 [Z'I (I ) ] -% eql[ - ----] 
110 k T ( 2 )  ( I  + P z ) ' ~  

b.- Fmission in the Continuous Spectrum during Recombinations 
The cnergy of a photon emitted during recombination at the n-th level is 
/ ~ v = B , + x n ,  where E, is the energy of the recombining electron and Xn is tke 
ionization potential from this level. 
energy quanta, we shall consider only the emission during recombination at 
the main level (xn is maximum). For a Maxwellian distribution of electrons 
we have 

Since we are interested only in 

llere g '\r 1. 

For T 4 . l o5  O K ,  hydrogen emission during recombinations is insigni- 
ficant, while helium emission plays an important role up to T % lo6  O K .  

The recombination radiation of helium-hydrogen plasma is 

XI? - h ( l +  z )  ( I  + z ) d z  
( I  + Q z )  I/* 

+ crp )] - erg/cm - sec . ster -. hz W.5) 

whcrc x I 1  is hydrogcn's ionization potential. 
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C .  - 
formed as 
t a t i o n  of 

Emission i n  1,ines. 
a r e s u l t  of recombinations a t  leve ls  with n f 1 and during exci-  
l eve l s  by e l ec t ron  impact. 

In the  in t e rga lac t i c  medium the l i n e s  a r e  

The number of quanta emitted i n  a 
u n i t  of volume per- u n i t  of time- is 

h - 1  

where a, is the  p robab i l i t y  of recombination when successive t r ans i t i ons  t o  
the given l eve l  are taken in to  account, q i n  is  the  probabi l i ty  of exc i t a t ion  
by e l ec t ron  impact, and I\nk a r e  Einstein coef f ic ien ts .  

We a re  in t e re s t ed  i n  the emission i n  the L,-resonance l i n e s  of hydrogen 
and 304 A of He 11. For any of these l i n e s  (*) 

Figurc 3 gives  the  values of aZ f o r  the La-lines of hydrogen and He11 
as a function of temperature (a  10;) helium content,  based on the  number of 
atonis, is taken in to  account). Thc values 

where qli f o r  hydrogen and helium, 
t o  experimental c ross -sec t ions  [ S l J  and q i s - z p  
sec t ion  Obtained i n  the  Born approximation [52] .  Since the  loca l  l i n e  widen, 
ing (due t o  thermal and turbulent motion, e tc . )  is much smaller than the cos- 
mological expansion, w e  s h a l l  assunc t h a t  the loca l  p r o f i l e  of the  l i n e  is 
given by the  6 - function. 

r l i s - + z p  €or 11 I ,  was computed according 
f o r  He I1 - -  by the  c ross -  

Then 
1 

4n W.7) 1. = - h v a z n e 2 6 ( v  - v a ) ,  

wlicrc v, is the  freqi1cnc-y corrcspoldiIlg t o  the t r a n s  i t  ion 
1 

4n 
] ( V I ,  2 )  = - h V O ~ Z ~ O ~ ~ ( V ' -  v a )  ( I  + 2 ) 7 ,  

-- - 
(*) 'l'lic cxisteiice is  asstuned of i o i i i z n t  ioii ecpi 1ibriwn qlrnz-tnr = ( a t  - al )nzne ,  

where at -at 
one, :uld q l i  I S  the  p ro lxh i l j t y  of ionization by e lec t ron  impact. 

is the  rcconibinntion coef f ic ien ts  a t  a l l  levels, except the main 
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whe re 

(1 + za = va / vo). 

'fie emission during the dielectronic recombination of He I1 may be 
neglected, for it is much smaller than the emission in the line He I1 
X 304 A. 
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